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EINIGE NEUE MINERALVORKOMMEN AUS DER ERZSCHÜRFUNG 
VON NAGYBÖRZSÖNY (DEUTSCHPILSEN) 
von J . ERDÉLYI, V , KOBLENCZ und V. TOLNAY 
(Mitteilung aus der Ungarischen Geologischen Anstalt.) 
Die ursprüngliche Handschrift dieser Arbeit wurde mitsamt den Mes-
sungsergebnissen und dem Prüfungsmaterial am 23—30-sten Oktober 
.1956. beim Brande der mineralogischen Abteilung des Ungarischen Natio-
ral-Museums vernichtet. Die neue Fassung dieser Abhandlung wurde da-
durch ermöglicht, dass ein bedeutender Teil der Untersuchungen in den 
chemischen Laboratorien der Ungarischen Geologischen Anstalt verfer-
tigt wurde, infolge-dessen konnte ich diese Angaben zufolge dem f reund-
lichen Entgegenkommen meiner Mitarbeiter wieder erhalten. Meinen Mit-
arbeitern bin ich Dank schuldig fü r ihre Hilfe .auch bei dieser Gelegen-
heit. Leider ist ein Teil der vernichteten Angaben, da auch das Unter-
suchungsmaterial vernichtet wurde, nicht zu ersetzen. Deshalb bin ich bei 
der Beschreibung dieser Minerale grösstenteils nur auf mein Gedächtnis 
angewiesen. 
J. Erdélyi 
ÜBERSICHT DES SCHRIFTTUMS 
Mit den in der Erzgrube von Nagybörzöny vorkommenden Mineralien 
haben sich bisher nicht viele Forscher beschäftigt. Die historische Vergan-
genheit des Bergbaues hat G. Pantó [1] besprochen. »Die petrographische 
Untersuchung der Erzschürfung von Nagybörzsöny« haben G. Kisvarsá-
nyi und M. Herrmann verfertigt [2]. Nach ihrer Meinung erschliesst der 
Erbstollen Biotitamphiboldazit und granatführenden Amphibolandesit." In 
ihrer Abhandlung habén sie sich ausser der ausführlichen Untersuchung 
der Gesteine kurz auch mit der Erzbildung beschäftigt. K. Sztrókay 
.machte die Frage des Wehrlits von Nagybörzsöny zum Gegenständ seiner 
Untersuchungen. Er stellte fest, dass Wehrlit kein selbständiges homoge-
nes Mineral ist [3]. Fr. Papp gab eine kurze Zusammenfassung von den 
Erzvorkommen des Börzsöny-Gebirges. [4]. 
G. Pantó lieferte Angaben von grosser Bedeutung zur Kenntnis des 
Bergbaues samt den bergbaulichen, geologischen und erzmikroskopischen 
Untersuchungen des Erzvorkommens von Nagybörzsöny in zwei Abhand-
lungen [1, 5]. S. Koch und G. Grasselly [6] beschrieben zahlreiche neue 
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Vorkommen in ihrer Arbeit nebst ausführlicher Zusammenfassung der 
Mineralien der sulfidischen Erzlagerstätten von Nagybörzsöny. Letztens 
beschäftigte sich E. Göbel mit dem Bergbau von Nagybörzsöny. Seine Ar-
beit ist aber im Druck noch nicht erschienen. 
Die Meinungen der Forscher — ausgenommen K. Sztrókay, der das 
Tonmineral von Nagybörzsöny in seiner Arbeit nicht erwähnt — st im-
men darin überein, dass die überhaupt kleindimensionalen Erzgänge in 
stark »kaolinisiertem« Biotitamphiboldazit und dessen Agglomerat, sowie 
in propilitisiertem Biotitamphibolandesit vorkommen. Das Erz drang ent-
lang der Bruchlinien zur Oberfläche empor und — nach Pantó — trägt die 
Erzbildung den Charakter von zwei ineinandergeschobenen, beziehungs-
weise einander Platz gebenden Bildungsphasen verschiedener Temperatur 
und Zusammensetzung. Nach seiner Meinung folgte später eine epi ther-
male Gold-Silber-führende erzbringende Phase nach der auf die Nähe 
der Magma hinweisende Erzgebilde von ausgesprochen hoher Tempera-
tur, deren Hauptprodukt Pyrrhotin war, und welchen Chalkopyrit, Spha-
lerit, Pyrit , Galenit u. s. w. begleiteten. Im Laufe dieser epithermalen 
Phase wurden. die schon ausgebildeten Erzminerale grösstenteils umge-
wandelt. Hauptsächlich auf Kosten des Pyrrhotins bildet sich Pyri t und 
Markasit, die die ursprüngliche Form und den lamellaren Aufbau des 
Pyrrhotins bewahrt haben. 
GENETISCHEN VERHÄLTNISSE 
Die Forscher behandeln das die Erzgänge begleitende, weissfarbige 
Mineral als Kaolin, ziehen aber aus der sogenannten »Kaolinisierung-« 
keine genetischen Folgerungen ab. Es ergab sich aber bei näherer Unter-
suchung dieses Tonminerals, dass man hier keineswegs mit Kaolin zu tun 
hat. Das Mineral erinnert bei stärkerer (wenigstens 50-facher) Vergrösse-
rung bei der ersten Besichtigung sowie auch auf Grund seines optischen 
Verhaltens an Pyrophyllit , beziehungsweise an Serizit. Unter der binoku-
laren Lupe ist es gut ersichtlich, dass es eine aus weissfarbigen, oder gelb-
lichen, seidenglänzenden, weichen, talkartig anfühlenden Glimmerschüpp-
chen bestehende Masse ist, worin man hie und da aus grünlichen s tern-
artig gruppierten Schüppchen bestehende Knollen sehen kann. Letztere 
sind die charakteristischen Erscheinungsformen des Pyrophyllits. Darum 
behandelten wir das Mineral solange als Pyrophylit , bis die numerischen 
Angaben der Untersuchung diese Annahme zunichte machten. Es stellte 
sich nämlich bei seiner näheren Untersuchung heraus, dass man hier mit 
einem charakteristischen Hydromuskovit zu tun hat. Auf diese Frage 
konnte nur die Berechnung, bezw ; Auswertung der ausführlichen gene-
tischen, optischen, chemischen, bezw. kristallchemischen, röntgenogra-
phischen und differential-thermoanalytischen Untersuchungsergebnisse 
des Minerals eine endgültige Antwort geben. Die Untersuchungsergeb-
nisse besprechen wir ausführlich in einer anderen Abhandlung. (Siehe-
Acta Geologica. Tom. V. Fase. 2.), Hier beschäftigen wir uns nur mit den 
genetischen Verhältnissen. 
Fasst man die Bildungsverhältnisse des Hydromuskovits ins Auge, 
so muss man feststellen, dass die neue Bewertung unserer auf die gene-
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tischen Verhältnisse bezüglichen Kenntnisse des Erzvorkommens von 
Nagybörzsöny als notwendig erscheint. Gerade darum fassen wir die ge-
netischen Anschauungen bezüglich der Bildung des Hydromuskovits zu-
sammen, und beschäftigten uns dann mit den neuren Mineralvorkommen. 
Es is seit lange her bekannt, dass durch hydrothermale Vorgänge zu-
standegebrachte Tonminerale oftmals Erzgänge umgeben [7]. A. M. Bate-
man [8] erwies, dass die umgewandelte Zone bei epithermalen Gängen 
schmal und die Umwandlung kaum wahrnehmbar ist, während der Hof 
der Veränderung bei mesothermalen Gängen ausgedehnt und kräf t ig ist. 
Die mit hypothermalen Gängen verknüpften Umwandlungsprodukte sind 
überhaupt nicht tonartig und man findet unter den in der Nähe der Erz-
lagerstätten anderer Type vorkommenden sekudären Mineralien nur sehr 
wenige, oder meistens keine Tonminerale. Nur einige ausgenommen kön-
nen alle Tonminerale sich durch hydrothermalen Vorgänge bilden, so 
auch die Kaolinminerale. 
Das in den Umwandlungshöfen vorkommende weissfarbige glimmer-
artige Mineral beschreibt man meistens als Serizit, ohne dass seine Mine-
ralart genau angegeben wäre. Mit dem Namen Serizit pflegt man erstens 
den feinkörnigen Muskovit, auch den Natronmuskovit und den grössten 
Teil der. Hydroglimmer dann bezeichnen, wenn keine nähere Angaben 
über ihnen zur Verfügung stehen. Durch ihre Korngrösse ist es verhäl t-
nismässig am leichtesten den Hydromuskovit von Illit zu unterscheiden, 
da der Unterschied zwischen ihnen bei ungefähr 50-facher Vergrösserung 
augenscheinlich ist. 
Der Name Serizit ist — nach F. A. Bannister [9] — auf jeden fein-
körnigen Glimmer • gebräuchlich, von welchen keine genauen optischen 
und röntgenographischen Angaben zur Verfügung stehen, und welche auf 
Grund 'ihrer chemischen Zusammensetzung Muskovit, Paragonit, Hydro-
muskovit, oder Illit, (auch Natronillit-Brammallit) sein können. Im Be-
sitze näherer Angaben kann aber der Name Serizit nicht mehr gebraucht 
werden. 
Man muss hier bemerken, dass der gebildete hydrothermale Hof im 
wesentlichen nur aus einem Tonmineral besteht. In Nagybörzsöny weben 
aber stellenweise feine Faden eines borhaltigen Minerals die Hydromus-
kovitmasse durch. Diese feinen Kristallnadeln haben sich zum Teil als 
Apatit erwiesen, und teils muss man sie als Rutil betrachten. Auf das bor-
haltige Mineral werden wir später zurückkommen. 
Nach R. Sales und. C. Meyer [10] ist der Kalium-Gehalt im ganzen 
veränderten Hof beinahe völlig beständig. Der Kalifeldspat verschwindet 
in der Serizitzone und so ist der Zusammenhang zwischen dem chemi-
schen Zerfall des Orthoklases und der Serizitbildung selbstverständlich. 
Die aus dem in der Nähe des Erzganges vor sich gehenden hydrotherma-
len Zerfall des Kalifeldspates frei gewordenen Alkalien sind zur Serizit-
bildung erforderlich. Weiter vom Gang entlegen wird Serizit nicht gebildet, 
da die notwendigen Alkalien zufolge der Stabiiitat der Feldspate fehlen. 
Im allgemeinen sind alkalischen Medien nötig zur Glimmerbildung, 
aber J. W. Gruner [11] hat es erwiesen dass die Glimmer, sich auch 
in saurer Lösung um 350° bei Kalium-Überschuss bilden können. Eine, 
von der frei gewordenen Kieselsäure stammende Verkieselung endet-
den Vorgang bei Hydroglimmerbildung, wie man das auch in Nagybör-
zsöny erfahren kann. Man kann den Vorgang in Form einer bekannten 
Gleichung aufschreiben: 
Orthoklas Muskovit 
3KAlS i ,0 s +2H 2 0 -> H 2 KAl 3 Si 3 0 1 2 +2K0H+6Si0 2 
Das f re i gewordene KOH greift auch die Plagioklase an und veranlasst 
weitere Serizitisierung. Die Metasomatose kann zugleich Kalkspat, Dolo-
mit und Eisenspat ablagern. Diese Minerale sind also in IN agybörzsöny 
mit dem Serizit gleichzeitig gebildete hydrothermale Produkte. Ihr Bil-
dungsbereich stellt man in hydrothermalen Synthesen von höchstens 500° 
bis mindestens zu 225° fest [12]. Bei niedrigeren Temperaturen geht die 
Serzitisierung in Kaolinisierung oder Propilitisierung über. 
Die hydrothermalen Bildungsbedingungen der Tonminerale klär te 
W. Noll in seinen synthetischen Untersuchungen [13]. Ihre Bildung ist 
— nach seinen Versuchen — von der Alkalikonzentration, dem r H - Wert 
und der Temperatur der Lösung abhängig. Als Ausgangsprodukte dienten 
A1203- und Si02-Gele. Nolls Untersuchungen konnten folgendes feststel-
len : 
Kaolin entsteht unterhalb 400° in neutralen, alkalifreien oder in sau-
ren alkalihaltigen Lösungen* 
Montmorillonit entsteht aus alkalihaltigen, alkalischen Lösungen bei 
ähnlicher Temperatur; bei höherer Alkali- (Na-) Konzentration bilden 
sich Zeolithe, besonders Analzim, 
Serizit ensteht aus schwach alkalischen Lösungen bei ähnlicher Tem-
peratur, wenn der Alkali-Gehalt geringer ist, als es zur Zeolithbildung 
erforderlich ist, aber höher ist, als bei der Montmorillonitbildung. 
Pyrophyllit entsteht aus kieselsäurereichen Lösungen bei ähnlichen 
Bedingungen, wie Kaolin, aber von 400° aufwärts . 
Auch die geologische Erfahrung bestätigt, dass Pyrophyllit ein hydro-
thermales Produkt von hoher Temperatur ist. Es hängt also nur von der 
Alkali-Konzentration ab, ob Zeolithe, Serizit, Montmorillonit oder Kao-
linminerale enstehen. 
. Letzthin beschäftigte sich R. L. Folk [14] mit der hydrothermalen Um-
wandlung der Feldspate und stellte die Ergebnisse der mit dieser Frage 
verknüpften Laboratoriumsuntersuchungen in Diagrammen dar. Er hat in 
einem von seinen Diagrammen die Alkalität, bezw. die Azidität und die 
Temperatur, im zweiten Diagramm die Alkali-Konzentration und die 
Temperatur als Koordinaten abgebildet. So wurden in 'diesen Diagramme 
Felder gebildet, innerhalb deren Feldspate, oder der Kaolin, der Pyro-
phyllit, Muskovit-Serizit, beziehungsweise Leuzit die stabilen Minerale 
sind. Im Sinne der Zusammenfassung seiner Arbeit: Kaolin entsteht in 
sauren Lösungen bis zu 350°, wenn der Al-Gehait hoch und der K-Ge-
halt niedrig ist; Muskovit bildet sich bei Temperaturen, von unter 200° 
bis zu ganz 525° in schwach alkalischen oder schwach sauren Lösungen, 
* Am niedrigsten ist die Bildungstemperatur des Kaolinits unter den Kaolin-
Minerale, bei höheren Temperaturen bildet sich Dickit, und höchste Bfdungstem-
peratur hat Nakrit. (Siehe Klockmann—Ramdohr: Lehrbuch der Mineralogie. 1954.) 
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wenn die K- und AI-Konzentration hoch ist,. Pyroph-yllit entsteht- von 
30iT bis zu 550", wenn der AI-, und K-Gehalt gering ist. Also das AI : Si 
Verhältnis und die Alkali-Konzentration entscheiden darüber, welche 
Mineralart sich synthetisch bildet, wenn die Temperatur und der Grad 
der Azidität geeignet sind. 
In der Regel bildet sich Serizit bei den Bedingungen der die Erz-
gänge begleitenden hydrothermalen Umwandlungen, da die Lösungen al-
kalisch sind. Kaolin entsteht mehr in der Nähe der Oberfläche bei der 
Einwirkung saurer Wässer und kann den Serizit ersetzen, wenn dieser 
von karbonat- oder sulfat-haltigen Wässer durchgelaugt wird. Pyrophyllit 
kommt in der Natur selten vor, da die AI-Konzentration der hydro-
thermalen Lösungen wahrscheinlich hoch ist. 
Wie es ersichtlich ist, stimmen die Feststellungen von Noll und Folk 
in grossen Zügen gut überein. Die Untersuchungen von Noll und Folk ha-
ben aber einen Mangel, nämlich, dass keiner von ihnen einen Unterschied 
zwischen den Serizit-Mineralen macht. Man kennt häute 5 Serizit-Mine-
rale. Diese sind: feinschüppiger Muskovit, Hydromuskovit, Illit, Parago-
nit und auch Natronillit-Brammallit. Aus unseren Untersuchungen er-
gab sich aber auch das Vorhandensein noch eines neuen Serizit-Minerals, 
das bisher nicht ausdrücklich beschrieben war, man muss aber sein Vor-
handensein auf Grund der Paragonit-Untersuchungen von Barshad [15] 
annehmen. Dieses Mineral ist der Natronhydromuskovit oder Hydropara-
gonit. 
In unserer Abhandlung »Über Hydroparagonit, ein neues Glimmer-
mineral, sowie über seine Beziehungen zum Hydromuskovit, Natronillit, 
beziehungsweise Brammallit« leiteten wir ferner ab, dass das Brammallit 
genannte Mineral kein Natronillit, sondern gleichfalls ein Hydroparagonit 
ist. (Siehe: Acta Geologica. Tom. V. Fase. 2.) 
Wie es erwähnt wurde, ist der Hof der Umwandlung bei mesother-
malen Gängen mächtig und kräftig, bei epithermalen Gängen aber schma-
ler und nicht immer ausgedrückt. Die Serizitisierung ist in Nagybörzsöny 
ausgedehnt, nicht unbedeutend und der hydrothermale Vorgang endete 
mit Propilitisierung und Verkieselung. Man muss also annehmen, dass 
hydrothermale Lösungen mittlerer Temperatur diese Vorgänge herbei-
führten, die von der oberen Grenze der Temperatur der mesothermalen 
Metasomatose (von 300") hinab ihre Wirkung ausübten. Man muss auch 
jenen Umstand hervorheben, dass ringsum gut ausgebildete Pyri t- und 
Arsenopyrit-Kristalle in der Hydromuskovit-Masse zerstreut sind, zum 
Beweise dessen, dass sie sich mit dem Hydromuskovit gleichzeitig gebil-
det haben, und die pyrrhotinführenden Gangstücke findet man in Hydro-
muskovit gebettet oder mit einem Hydromuskovit-Hof umgeben. Es ist 
bekannt, dass die Bildungstemperatur des Pyrrhotins überhaupt hoch ist, 
selten aber kann er sich unter geeigneten Umständen bei mittlerer und 
niedrigerer Temperatur bilden, ihre Bildungsmöglichkeit kann sogar bis 
zu 80° sinken, wie es E. T. Allen und seine Mitarbeiter nachgewiesen ha-
ben [16]. A. Brammäll und seine Mitarbeiter [17] haben ein Hydromus-
kovit-Vorkommen aus Ogofau von Carmarthenshire in England beschrie-
ben, das aber epithermalen Ursprungs ist. Die begleitenden Minerale sind 
hier Pyrit, Arsenopyrit und goldführende Eisensulfide. 
Pyrit , Arsenopyrit, Galenit, Chalkopyrit, Sphalerit und Magnetit, die 
den Magnetkies begleiten, können sich in jeder Phase der hydrotherma-
len Metasomatose bilden. Sie sind sogenannte »Durchläufer« [18]. 
Die ausführliche Besprechung des Hydromuskovits von Nagybör-
zsöny und der mit ihm verknüpften kristallstukturellen Fragen Veröffent-
lichten wir in einer anderen Mitteilung (Acta Geologica. Tom. V. Fase. 2.) 
Hier beschäftigen wir uns neben den genetischen Fragen nur mit einigen 
neueren Mineralvorkommen aus der Erzgrube von Nagybörzsöny. 
NEUERE MINERALVORKOMMEN 
Wie es im vorigen bereits dargelegt wurde, sind die Erzgänge von 
Nagybörzsöny mesothermalen Ursprungs. Die erzbringenden Lösungen 
haben aber während der Abkühlung auch epithermale Minerale in die 
Hohlräume des Erzes gelagert und haben verschiedene nachträgliche Um-
wandlungen hervorgerufen, während die Minerale der Oxydationszone 
aus der »Rózsabánya« an den obersten Horizonten der Erzgänge an das 
Tageslicht gekommen sind. Der mesothermal gebildete Magnetkies wurde 
stellenweise von den in Abkühlung befindlichen Lösungen zufolge der 
Zunahme des Schwefelgehaltes an der Stelle angegriffen, und paramorph. 
umgewandelt. Chalkopyrit, Pyrit , Arsenopyrit, Sphalerit, Galenit können 
sich — wie es oben erwähnt wurde — in jeder Phase des hydrothermalen 
Vorgangs bei aller Temperatur bilden, sie sind mit dem Magnetkies 
gleichzeitig gebildete mesothermale Bildungen. Markasit- kann nicht nur 
von ascendenten Lösungen niedrigerer Temperatur, sondern auch von 
descendenten Lösungen zustandegebracht werden. Die bekannten Minera-
lien sind nach Koch—Grasselly [6]: Apatit, Quarz, Pyrit, Galenit, Pyr rho-
tin, Valleriit, Sphalerit, Chalkopyrit, Arsenopyrit, Tetraedrit , Wismut, 
Bismuthin, Gold, Cosalit, Jamesonit, Semseyit, Tetradymit, (Csiklovait, 
Hessit, Petzit, Argentit, Proustit , Molybdänit), Baryt, Dolomit , . Kalzit. 
Melnikovit-Pyrit, Markasit, Siderit, Magnetit, Cronstedtit, Chalkosin, Co-
vellin, Goethit, Limonit, Arsenit. Die in Klammern gestellten Mineralien 
wurden zuerst von Koch—Grasselly aus Nagybörzsöny beschrieben, auf 
den Cronstedtit hat Verfasser ihre Aufmerksamkeit gerichtet. Beim Bruch 
des Erbstollens. sind folgende neue Vorkommen ausser der aufgezählten 
zum Vorschein gekommen. Löllingit, Chalkodit, Cronstedtit (dies letztere 
wurde von Koch—Grasselly mit Bezugnahme auf den Verfasser nur er-
wähnt [6]), Meneghinit [?], Amethyst, Fluorit, Gyps, Vivianit [?], Melan-
i e n t, Pisanit, Kröhnkit [?] und ein borhaltiges Silikat-Mineral. 
Dies letztere erscheint unter der binokularen Lupe als eine aus f e i -
nen, seidenglänzenden, biegsamen Kristallnadeln bestehende, an einen 
Wattebausch erinnernde Masse, die sich von den begleitenden Mineralien 
nur mühsam absondern lässt. Begleitende Minerale sind vorwiegend 
Quarz, Kalzit, Pyri t j Arsenopyrit, Galenit, Sphalerit. Das zur Untersu-
chung rein abgesonderte Material war leider zur vollständigen Analyse 
nicht genügend. 
Die vollständige, genaue Untersuchung des Minerals hat Prof. S". 
Koch (Szeged) durchgeführt . Das Mineral ist — nach seiner brieflichen 
Mitteilung—Turmalin, einer der seltenen hydrothermalen Turmaline. Seine 
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ausführliche Untersuchung erschien aber im Druck noch nicht. Auf 
Grund der obenangeführten sind folgende, aus feinen weissen, seiden-
glänzenden Kristallnadeln bestehende Minerale aus Nagybörzsöny be-
kannt: Apatit, Rutil, Turmalin. Ausser diesen kommt noch ein aus dem 
Aggregat mikroskopisch feiner Nadeln bestehendes Mineral vor, das Bor 
und Titan nicht enthält, das aber im Brand der mineralogischen Abtei-
lung des Ungarischen Nationalmuseums vernichtet wurde und seine Er-
setzung bisher nicht gelungen ist. 
Zu den Umstände des Vorkommens dieses Turmalins muss man be-
merken, dass es meistens in den Hohlräumen des Erzes aufgewachsen in 
wattebauschartigen Büscheln vorkommt. Seine Fäden sind aber unter den. 
Schüppchen des Hydromuskovits in den Erzmineralien und Quarzkristal-
len als Einschlüsse, oder in den Hohlräumen in Form einer aus feinen sei-
denglänzenden Nadeln bestehenden Ausfüllung zu finden. Die Umstände 
seines Vorkommens weisen darauf hin, dass man hier mit einem mit dem 
Erz und mit dem Hydromuskovit gleichzeitig gebildeten hydrothermalen 
Mineral zu tun hat. 
Auch die Besprechung der übrigen Minerale kann eher nur aus Ge-
dächtnis geschehen, denn die Messu'ngsangaben wurden samt dem Un-, 
tersuchungsmaterial vernichtet. 
Die Abhandlung von Koch—Grasselly [6] erwähnt den Cronstedtit 
ohne näheren Angaben mit Bezugnahme auf den Verfasser. Cronstedtit 
. kommt .in. Nagybörzsöny besonders, in _den_ Hohlräumen _des .Erzes von_»Ró~ 
zsabánya« meistens auf den Pyrit gewachsen in gut entwickelten winzi-
gen (0,1—1 mm grossen) Kriställchen vor. Diese Kristalle erinnern an tr i-
gonale Pyramiden, die mit ihren Spitzen an die Wände der Hohlräume ge-
wachsen und durch die 3. Endfläche terminiert sind. Wie es bekannt ist. 
ist Cronstedtit ein monoklines Glimmermineral epithermaler Bildung, 
dessen Struktur und Bildungsverhältnisse jener des Kaolins entsprechen. 
Er bildet sich, ähnlich dem Kaolin, bei niedriger Temperatur. Seine Kris-: 
talle sind manchmal Zwillinge. In solchen Fällen hat die 3. Endfläche die 
Form eines sechszackigen Sternes. Die Streifung der scheinbaren Pyra-
midenflächen ist charakteristisch auf die Glimmerminerale. Seine Farbe 
ist grün, beinahe schwarz, seine dünnen Schüppchen sind in dunkelgrü-
ner Farbe durchscheinend, die Kanten und Ecken der Kriställchen sind 
aber oft rotbraun. Die Brechungsindizes sind grössei als die des Methy-
lenjodids (n > 1.74). Abweichend von seiner Gewohnheit, .bildet ei in den 
Hohlräumen des Erzes von Nagybörzsöny keine nierenförmige Aggre-
gate. Er schmilzt leicht zur schwarzen Schlacke. Das Eisen ist in ihm. 
ohne Schwierigkeit nachzuweisen. 
Unter den dem Cronstedtit ähnlichen Verhältnissen kommt in 
Nagybörzsöny der Stilpnomelan vor. Er erscheint meistens in feinen, 
radialfaserigen oder garbenförmigen Büscheln, manchmal aber in 
nierenförmigen halbkugeligen Krusten, oder an einen Igel er innern-
den stacheligen Knoten. Diese scheinbaren Nadeln erscheinen bei. 
stärkerer Vergrösserung meistens als la'nzenförmige Schuppen. Diese 
löschen zwischén gekreuzten Nikols gerade aus. Ihre Längsrichtung 
ist: a. (Die auf seinen näheren optischen Angaben bezüglichen Aufzeich-
nungen wurden vernichtet.) Seine Farbe ist dunkelbraun. Er hat einen 
lebhaf ten perlmutterartigen Glanz. Er ist leicht schmelzbar. In verschlos-
senem Glasröhrchen erhitz, verliert er Wasser. Das Eisen ist in ihm mit 
Boraxperle nachweisbar. 
Von den Erzmineralien sind Löllingit und Meneghinit in Nagybör-
zsöny als Neuheiten zu betrachten. 
Löllingit kam aus dem Erbstollen von Nagybörzsöny zum Vorschein. 
Seine prismatischen nadelartigen Kristalle sind silbergrau mit Metallglanz 
und kommen in die Hydromuskovit-Masse eingebettet vor. Löllingit hat 
sich also mit dem Hydromuskovit gleichzeitig gebildet und so ist er msso-
thermalen Ursprungs. Die Form der Kristalle bestimmt die gestrecke 
Prisma m(110) und terminieren die Flächen e(101). Hie und da erscheinen 
auch die Flächen b(010). Ihre Winkel stimmen mit jenen des Löllingits 
überein, das ihm von dem Arsenopyrit gut unterscheidet (Die Messungs-
angaben wurden vernichtet.) Er schmilzt vor dem Lötrohr auf Kohle zu 
einer magnetischen Masse. In geschlossenem Glasrohr erhitzt gibt er ei-
nen schwarzen Arsenspiegel ohne dem fü r den Arsenopyrit charakteri-
stischen gelben Beschlag. Er kam nur dreimal vor. 
Meneghinit (?) kam nur einmal in den Hohlräumen eines verkieselten 
Gesteinsstückes aufgewachsen vor. Feine, nadelartige, schwarze, an An-
timonit erinnernde, sehr derbe Kristalle mit Metallglanz und geringer 
Här^e. Es waren, in ihm mit Heparreaktion Schwefel, auf Kohle Antimon 
und Blei in Form der bekannten Beschläge nachweisbar. Zufolge der Ver-
nichtung des Prüfungsmaterials könnte es zu einer näheren Untersu-
chung nicht kommen. Darum muss man das Vorkommen als unsicher be-
trachten. 
Neuere Vorkommen einiger sekundär gebildeten Mineralien sind Fol-
gende: Gyps, Vivianit (?), Melanterit, Pisanit, Kröhnkit (?). 
Gyps kam zum Vorschein aus dem Erbstollen in Form kleiner auf -
gewachsenen Kriställchen mit Ausmassen von 0,1—2 mm. Die Kristalle 
erscheinen meistens an die pyrit- und arsenopyrithaltigen Stücke gewach-
sen, zum Beweise dessen, dass er aus der Oxydation jener herrührt . Die 
an den Kristallen beobachtete Flächen waren: b(010), m(110), 1(111) und 
n ( l l l ) . Diese Kristalle sind nach b(010) tafelig, oder nach m(110) prisma-
tisch. In einigen Fällen ist aber 1(111) die vorherrschende Form. Hie und 
da erscheinen auch Zwillinge nach a(100). (Die Messungsangaben wurden 
samt dem Untersuchungsmaterial vernichtet.) Die Kristalle haben auf den 
Spaltungsflächen Perlmutterglanz. Sie sind meistens mit ihren b-Flächen 
zu dem Muttergestein oder an die Wände der Hohlräume des Erzes ge-
wachsen, sie erscheinen aber manchmal in Form stacheliger Knoten. Die 
optischen Angaben stimmen, mit jenen, des Gypses vollkommen überein. 
Vivianit (?) kam nur einmal in Form eines weichen, ein wenig ge-
krümmten lichtblauen, nadelartigen Kristalls von 1 mm Länge vor. Die-
ses Kriställchen erinnerte äusserlich vollkommen an Gyps. Es konnte 
nicht zu seiner näheren Untersuchung kommen, darum muss man das Vor-
kommen als unsicher betrachten. 
Melanterit kam im Material des Erbstollens in Form von kurzpriz-
matischen Kristallen oder häufiger haarfömiger und geflechtartiger Bil-
dungen, beziehungsweise Krusten vor. Sie haben muscheligen Bruch, 
Glasglanz, lichtgelblichgrüne Farbe und sind durchscheinend. Sie lösen 
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sich vollkommen in Wasser. Ihre Lösung gibt lebhafte rote Färbung mit 
JS1H4SCIN und einen weissen Niederschlag mit Bacl2. In Flamme genauen 
giDi, er nicht die auf Uu cnaraKterisciscne grün-blaue Flammenreaktion. 
Dies unterscheidet ihn vom risanit, der in i\agyDorzsöny in Form von 
biaugrünen Linkrustungen und Geflechten zu finden ist. Pisanit gibt leb-
haf te uu-Flammenfärbung. (Die auf beiden Mineralien bezüglichen opti-
schen Aufzeichnungen wurden vernichtet.) 
In Betracht genommen, dass Melanterit und Pisanit nicht die Mine-
rale der obersten Horizonte der Oxidationszone sind, sondern unter der 
Oxydationszone in den Spalten und Hohlräumen der Pyritreichen sul-
phidischen Erze in solchen genetischen Verhältnisse vorkommen pflegen, 
wo Wasser und Oxygen nicht in Fülle vorhanden sind, ist es verständlich, 
dass sie aus dem Erbstollen in Begleitung von Gyps-Kristallen zum Vor-
schein gekommen sind. 
Das einzige Stück des Kröhnkit's kam aus der »Rózsabánya« vor. Da 
die chemische Formel des Kröhnkits Na2Cu(S04)2. 2H20 ist, gibt er — in 
Flamme gehalten — zuerst eine kräft ige Na-Flammenreaktion, dann eine 
•Cu-Flammenfärbung. Er besteht aus winzigen, blass azurfarbigen, pris-
matischen, monoklinen Kriställchen. Seine Winkel stimmten — unter dem 
Mikroskop gemessen — mit den bekannten Winkelangaben des Kröhnkits 
gut überein, seine Brechungsindizes entsprachen aber nicht denen des 
Kröhnkits, sondern waren bedeutend niedriger, als jene und standen nahe 
den_Brechungsind_izes_ des. Chalkantits. Darum wäre. ihre.^weitere .Unter-
suchung erforderlich gewesen. Leider wurden die Messungsergebnisse 
. und auch das einzige Stück im Brand vernichtet. Wegen der Unsicher-
heit der Angaben muss man das Vorkommen als Unsicher betrachten. 
Hier muss man noch der zwei Mineralvorkommen gedenken, aus 
welchen je ein winziges Körnchen zum Vorschein kam. Der einzige blass 
violettfarbige Kristall von Amethyst kam in Pyrit eingewachsen vor. Flu-
orit kam in Form von blassgrünen und violettfarbigen Kügelchen mit ei-
nigen Zehntel mm Ausmasse ebenfalls nur einmal zum Vorschein. Es kam 
nicht mehr zur Bestimmung ihrer näheren Angaben. 
ZUSAMMENFASSUNG 
Die Ergebnisse der Untersuchungen zusammengefasst ist es ohne 
'Zweifel feststellbar, dass das Erzvorkommen von Nagybörzsöny mesö-
thermalen Ursprungs ist und die mineralbildenden Lösungen von 300° 
abwärts wirkten, zuerst mesothermale Erze, dann während der Abküh-
lung auch epithermale Minerale in die Hohlräume der Erze zerstreut ab-
lagerten und verschiedene nachträgliche Umwandlungen herbeiführten. 
Die Frage entschied der mächtige, die Erzgänge begleitende hydrother-
male Hof. Wir haben ausführlich dargelegt, dass Hydromuskovit sich nur 
unter 400° bilden kann, aber ein hydrothermales Tonmineral in einer der- -
ar t mächtigen Menge, wie man es in Nagybörzsöny sehen kann, nur me-
Bo'jhermal vorkommen kann.. Die .epithermale Tonmineralbildung ist über-
haupt von kleinem Umfang. Der Magnetkies ist zweifellos mesothermal, 
denn ein Hydromuskovit-Hof umgibt die Pyrrhotinführenden Gangstücke, 
was auf gleichzeitige Bildung hinweist. Die Tonmineralbildung ist näm-
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lieh, wie es oben dargelegt wurde, eine begleitende und mit der Bildung 
der Erzgänge eng zusammenhängende Erscheinung. Wenn man annehmen 
wollte, dass Magnetkies sich bei höherer Temperatur gebildet hätte, a ls 
Hydromuskovit und der auskristallsierte Pyrhoiin durch einem mesother-
malen Vorgang niedriger Temperatur mit Hydromuskovitkruste später 
umgeben würde, hätte der Magnetkies ganz gewiss nicht in unveränder-
tem, frischen Zustande geblieben können, sondern hätte seiner Natur ent -
sprechend eine paramorphe Umwandlung erlitten. Die aus dem Erbstol-
len zum Vorschein gekommene, durch Hydromuskovit bekrustete Py r rho -
tinstücke sind aber ganz frisch erhalten, während die umgewandelten 
Paramorphosen nach Pyrrhotin aus den oberen Horizonte der Grube zum 
Vorschein gekommen sind. Der Erbstollen schloss also die mesothermale 
Zone auf. Man kann charakteristische epithermale Minerale in grosser 
Menge nicht, nur zerstreut in den Hohlräumen des Erzes finden. Solche 
sind die epithermalen Barytkristalle, Cronstedtit, Stilpnomelan. Die in 
grossen Mengen vorkommenden Markasit und Melnikovit konnten sekun-
där aus dem primären Pyrrhotin nicht nur durch Einwirkung hydrother-
maler Lösungen ganz niedriger Temperatur, sondern auch bei der Ein-
wirkung deszendenter Lösungen entstehen. Darauf verweist ihr massen-
haftes Vorkommen in den oberen Horizonte. Die in grossen Mengen vor-
kommenden epithermalen Minerale (wie zum Beispiel der epithermale 
Baryt und Kaolin sind) fehlen vollständig. Erzanhäufung kam nur in der 
Oxydationszone (Rózsabánya) vor. Es bleibt auch weiter eine offene Frage, 
ob es in grösseren Tiefen, am hypothermalen Horizont eine bedeutendere 
Erzmenge vorhanden sein könne. 
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PISOLITES AND PISOLITELIKE FORMATIONS 
T. GANTI 
(Institute for Mineralogy and Geology of the University of Technology, Budapest) 
ABSTRACT 
Genetically one can differentiate four groups of pisolites. In the first one the 
water covers uniformly the sand granules moving in the spring and thus peas form 
Wiiicn iai.er set Lie on me stone, in tne second case weil aeveioped caicite crystals 
are covered subsequently by a microcrystalline ca'.cite layer. This second case is 
characterised by a great radius curvature. The third case occurs in co!d waters when 
previously separated lublinite puffs are covered by a thin steadily thickening cai-
cite layer. To the fourth group the so-called rosestones belong. In their case an ara-
gonite layer is deposited by the water and in the course of its slow transformation 
into the more stable caicite, which has a larger specific volumen, it becomes blistered. 
Many of such b'istered layers deposited on one another create a pisoltelike forma-
tion which is called rosestone. 
CaCOo separated f rom hot springs is mostly sedimented onto the wall 
of galleries as pisolitelike formations. Cholnoky called very appropriately 
these formations — to differentiate them f rom the pisolites — according 
Fig. 1. Real peastone or pisolite from the plateau of Kiscell 
to their shape rosestone. The latter had to be differentiated f rom the for-
mer as their genesis is not identical. In addition to the rosestone ana 
pisolites other pisolitelike formations may be found along waterways, 
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this holds not only good for the hot springs, but also in the case of cold 
waters of Karst. Our investigations show that genetically four different 
groups of pisolite formations can be distinguished. 
1. The formations are only called pisolites, or real peastones if th? 
shape of the stones is globular. They form through the crystal- or sand 
granule being — owing to constant movement of the water — uniformly 
globularly covered by the CaCOs deposited from the water. Such uni-
formly covered globes can be found, e. g. in the »-bird nests« of the Vass 
Imre cave. If the conditions for their formation are suitable these pearls 
occur in springs too. [1] When the water output of the spring decreases, 
or if the pearls become so large that the water can no more move them, 
the globes settle down on the rocks and are stuck together by the CaCO:i. 
Fig. 2. Peastone formed through a microcrystalline calcite incrustation 
covering large calcite crystals after they developed. The place of 
one of the crystals is filled with plastiline 
2. Sometimes the separated well developed calcite crystals are sub-
sequently covered with a microcrystalline calcite layer. These forma-
tions strongly resemble peastones. A characteristic feature of all these 
formations is that when they are older their radius of curvature r m y 
amount to some decimetres. Such a peastone is shown on Fig. 2. For the 
sake of demonstration the place of one of the calcite crystals was filled 
with plastiline. 
3. Lublinitic peastone. In the Béke cave L. Jakucs [2] observed a 
quite specific pea formation which forms in cold water. According to him, 
first of all lublinite puffs separate themselves on the wall of the cave 
which are subsequently covered with a steadily thickening calcite layer. 
4. Rosestones. Their formation cannot be attributed to any of the 
enumerated mechanism. It is t rue that the first part of their formation 
frequently corresponds, or resembles that of those mentioned in 2.), how-
ever, the values of their radii of curvature are never so hight, and their 
structures also differ considerably. The formation of such peastones is 
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due to crystallographic reasons. The specific volumen of calcite is larger 
than of aragonite. The latter having a specific gravity of 2.94 separated 
f rom water the temperature of which exceeds 30°C and transforms slowly 
into calcite. The specific gravity of the latter is 2,71, thus the t ransforma-
tion is associated with an increase of the volume, as a result of which 
the layers blister. On the blistered layers aragonite deposits which af ter 
a time again transforms into calcite. Obviously at the place where there 
was already a curvature the fold will be large. Hence the blistered layers 
exhibit the structure shown on the Fig. 3. 
Fig. 3. Formation of rosestone through blister formation in the layers 
Such a structure can be seen in a section on Fig. 4. too. Owing to 
its lamellar structure if the top of the stone wears off it resembles a rose. 
If the sedimentation is slow and the transformation of aragonite into 
calcite also proceeds steadily and slowly the separation in layers may not 
occur and the deformation only takes place in the habit of the micro-
crystals. Of course, the folded structure remains. 
Fig. 4. The formation of the rosestone may toe due to the fold in the 
layer caused by the transformation of aragonite into calcite. Such a fold is 
illustrated on the Fig. about three times magnification. 
If there is a possibility for aragonite separating in cold water caves 
rosestones may also form. Since according to Ostwald's rule always the 
less stable modification is to be separated first out of a solution and only 
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is transformed af ter a certain time into the more stable one, it is also 
possible for aragonite to be separated in cold water. 
This assumption is also supported by Murray's investigations which 
proved that under cave conditions aragonite may be separated also at 
low temperatures in quantities the percentage of which can be well de-
termined particularly if ions in solution are present too. In the waters 
of the Karst primarily Mg plays a role which can be found in large 
amounts in the Karst waters, fur thermore also Sr, although the latter 
Fig. 5. Dripstone from cave Vass I. Cross section. The ring separation due to the 
transformation of aragonite into calcite is well visible. About three times 
magnification 
is only present in small quantities, promotes considerably the formation 
of aragonite. The rate of its transformation into calcite depends upon the 
temperature, the pressure, the impurities and the liquid with which it 
is in contact. The pressure is a factor which cannot be neglected as in the 
interior of a formation — just owing to the crystallization — an appreci-
able pressure may prevail. On dripstones a lamellar separation due to the 
transformation of aragonite into calcite may also occur. 
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LABORATORY EQUIPMENT FOR ELECTROGRAPHIC 
EXAMINATIONS 
GY. GRASSELLY 
(Institute for Mineralogy and Petrography of the University, Szeged). 
Hitherto the predominant aims of electrography of conducting ores 
and minerals — to supplement ore microscopic examinations — were as 
follows: 
a) One of them was to identify chemically, rapidly, without injury 
of the surface the polished ore section involved by means of establishing 
the presence of the metals playing partly a dominant role in the com-
position of the mineral and partly occurring only in small amounts as 
impurities. By using suitable specific reagents the prints-obtained provide 
a quick answer to the questions whether or not the assumed metals are 
present, or absent, in the ore examined. This simple electro-spot testing 
may be particulary useful for the identification of numeros sulphide mi-
nerals only varying very slightly from one another. 
b) Another aim of electrography was the analysis of .the surface of 
the polished ore section, the recording of distributive pattern to ascertain 
which of the- components of a heterogeneous ore. association contain a 
given metal, i. e. how the granules containing the given metal are distri-
buted in the matrix. In most cases the distribution of the inclusions is 
far more marked on the print — which represents the map of the surface 
of the polished ore section — than on the polished ore section itself. 
c) Furthermore, the electrographic procedure is very suitable for . 
some special applications as for the examination of macrostructure, for 
the examination of the porosity and discontinuities of protective coatings, 
for structur-etching. of metals, alloys and ores. 
The equipments used to achieve the aims outlined above are fairly 
simple. A thick filter paper is placed onto an aluminum or stainless steel 
plate and the reagent paper is put on the fil ter paper with its gelatinous 
surface turned upwards. The ore is pressed with its polished surface onto 
the reagent paper and the ore is connected to the positive pole of a 
battery, whereas the base plate is connected to the negative pole. The 
circuit may be very simple, consisting of the battery, a push-button 
, switch, a rheostat and a milliammeter. 
For examinations in series, when it may be necessary to compare • 
the prints, the reproducibility of the prints is also essential. In the case 
of semiquantitative measurings, the. reproducibility of the conditions of 
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the printing, i. e. the precise regulation and control of the voltage, the 
current and the time is particularly essential. Reports on examinations 
of semiquantitative character are very scarce concerning metals or alloys 
and fail completely as regards minerals in the literature. For these exa-
minations the simple equipment mentioned above suitable for qualitative 
spot testing, recording of distributive pattern, or for examination of 
macrostructure is insufficient. 
Fig. 1. The electrographic equipment 
Fig. 2. Wiring diagram of the equipment 
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In the case of examinations in series or semiquantitative measurings 
the voltage, the current, the time and pressure must be controlled. 
Recently H. W. Hermance and H. V. Wadlow, as well as J. Chervet 
and R. Pierrot have published reports on electrographic equipment sui-
table for precisions work. These descriptions provided in part the basis 
for the construction of the equipment used for the electrographic printing 
in our Institute. 
Fig. 3. The electrographic press 
The current supply consists of 12 — each 1,5 volts — flashlight cells 
placed into a box built into the equipment (1). The voltage may be supplied 
by a battery selector switch (2) in steps of 1,5 volts to the electrographic 
cell (12). The fur ther regulation of the voltage is provided by two rheo-
stats in series one of which of 500 ohms (3) furnishes the coarser and that 
of 25 ohms (4) the finer regulation. Considering that in certain cases the 
calculation of the quantity of the dissolved ions is necessary an accurate 
timing may be also needed a timing switch (5) is inserted into the circuit 
as well. Should the accurate timing be not necessary it may be short cir-
cuited by a switch (6). The voltmeter may also be cut off by a switch (10). 
As it may also occur that the examinations of different ore samples 
ought to be carried out without external power the battery, the battery 
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selector switch, the rheostats and the timing switch may also be cut oft 
by a switch (11) and the circuit may be closed between the electrodes 
through the milliammeter. The milliammeter (7) and the voltmeter (9) are 
not built into the equipment. They are portable meters with a. length of 
scale of 130 mm furnishing a more precise reading. The milliammeter is 
correspondingly shunted and can be switched by a scale selector switch 
(8) in scale ranges of 5, 50 and 500 milliamp. respectively. The scale ran-
ges of the voltmeter are 3 and 30 volts, respectively. The resistance of the 
voltmeter is 1000 ohms/volt. In the course of the printing it may be that 
the changing of the direction of the current through the printing cell is 
necessary. Therefore, a polarity switch (13) is inserted into the circuit. 
However because of the fact that not meters of zero-center typ are used, 
the polarity switch simultaneously automatically changes the poles of 
the meters too. 
of the press 
depress i bie table 
interchangeable 
pressure spring 
— capillary gloss lube 
metal-fade (indicates 
depression of table 
outer cylinder 
Fig. 4. Cross-section of the elect rcgraphic press 
To ensure the reproducibility of the pi ints the regulation and control 
of the pressure is also essential. Fig. 3. illustrates the press and Fig. 4. 
its cross-section. 
The construction of the press is well visible on the cross section. An 
interchangeable coil spring of desired strength is inserted into the metal 
cylinder fixed to the base of the press and the depressible table of the 
press is supported by this spring. The depressible table is well insulated 
from the other parts of the press. The axis of the depressible table passing 
through the coil spring exerts more or less pressure — depending upon 
the pressure applied — upon an arm fixed on one end. The other end of 
this arm lifts up or lowers down a metal thread inserted into a capillary 
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glass tube. The capillary glass tube is inserted into the frontal part of 
the outer cylinder fixed to the base of the press beside a metal plate pro-
vided with a scale. If no pressure is exercized the upper end of the metal 
thread movable in the glass tube coincides with the zero mark of this 
scale and . when a load is applied it sinks according to the extent of the 
pressure. Thus, if examinations in series are made one must only pay 
attention that — using springs of the same strength — the end of the 
metal thread, always sinks down to the same mark on the scale thus 
ensuring the regulation of an identical pressure. .• 
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ELECTROGRAPHIC EXAMINATIONS OF PULVERIZED ORE 
SAMPLES AND ORE CONCENTRATES 
PRELIMINARY REPORT 
- GY. GRÀSSELLY ' 
(Institute for Mineralogy and Petrography of the University, Szegëd) 
• INTRODUCTION 
For the qualitative chemical analysis of metals, alloys and conduct-
ing ore minerals (polished ore sections), for simple electro spot testing,, 
fur thermore for the examination of the distribution of inclusions, as well, 
as for examination of the macrostructure electrography. has proved .to _ be 
very suitable, this procedure has been applied since a relatively long time. 
The most important advantages of thé method are : a) the composition 
of the sample may be quickly and simply established without in jury of 
its surface; b) at the detection of the single metals —• using suitable se-
lective and sensitive, mainly organic reagents — the separations which, 
are indispensable for customary chemical qualitative analyses can be 
avoided; c) small amounts of the samples are also sufficient for the exa-
minations and small amounts of metal can be .precisely detected too. 
Hitherto, electrographic examinations only involved the qualitative 
chemical, or textural analysis of metal-, alloy- or ore samples. Concerning, 
' the type of examinations mentioned above numerous valuable data and, 
establishments may be found in the works of Fritz, Glazunov, Niessner, 
Jirkovsky; Hiller, Yagodd as well as in those of Hermance and Wadlow,. 
only to enumerate the fundamental and detailed works. 
Some works (Hiller, Siemprok, Туровский) refèr to the electrogra-
phic identification of single granules, inclusions observed in polished ore 
sections or to that of f ree ore fragments, and individual granules, respecti-
vely, through the detection of the meitals obtained in them, however,. the; 
electrographic examination of pulverized ore samples, or ore concentrates 
has so far not been attempted. The advantages of the electrography outli-
ned above, however, suggest the expediency of trying to apply the method 
for pulverized ore samples, as well as for the qualitative chemical analysis, 
of ore concentrates. 
In the case of single ore granules the examination is very simple : the 
granule is placed onto a reagent paper lying on an aluminum plate which 
is connected to the negative pole of a battery, then the granule is brought: 
into contact with a platinum wire connected to the positive pole of the 
battery. After about 20—30 seconds it can be established whether or not 
the anticipated reaction — showing the presence of the metal sought for 
— has taken place on the corresponding reagent paper. According to the 
size of the granule the examination may also be carried out under the 
microscope. 
The tasks at the examination of pulverized ore samples can be outlined 
as follows: 
1. In which way the customary electrographic procedure should be 
modified for the qualitative examination preceding the chemical quanti ta-
tive analysis of ore samples and for the establishment of the composition 
and impurities of ore concentrates, respectively. 
2. The minimum amount of the single metals wich under given ex-
perimental conditions can still be detected precisely by the electrographic 
examination of pulverized ore samples must be established, fur thermore , 
it must be examined how the different ores and metals, respectively, con-
tained in pulverized mixtures interfere with the detection of one another. 
3. Finally, it must also be verified in some way if the procedure can-
not also be applied, for examinations of semiquantitative character. 
\. * . 
EXPERIMENTAL 
For the examination. of ore powders, of course, the same pr in-
ciple. holds good as that generally valid for electrographic examinations, 
only a solution for the carrying out of the procedure must be found. 
The first task is therefore the. development of the most appropriate 
standard method of examination which warrants that for examinations in 
series too the experimental conditions are identical. This problem involves 
the preparation of the sample to be examined as: well as the construction 
of a suitable mounting block. 
For the preparation of the sample and the carrying out of experi-
ments — bearing in mind the possible need for a comparison of the single 
examinations in series and the different prints, respectively — the 
following must be taken into account: 
a) the size of the surface on which the samples come into contact 
with the reagent paper must be identical 
b) ' the examinations must be carried out. under identical pressure 
c) the ore powder must not adhere to the surface of the gelatine 
paper 
d) it must be possible to make simultaneously — under comple-
tely identical experimental conditions (electrolyte, pressure, voltage, 
time) — prints of several samples, but it must also be feasible to examine 
the single samples separately. 
For the preparation of the samples the following procedure seemed 
.suitable: the ore powder is mixed with plaster of Paris and by adding a 
little water a pulp is prepared of this mixture, which is pressed into a 
suitable form till binding. A mixture in which the ratio of the ore powder: 
plaster of Paris was 2 : 1 , bound well, its f irmness was adequate, the con-
ducting was also established through the ore granules in the plaster matr ix 
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being in contact with one another, however, the print developed slowly, 
and with poor intensity. In addition, if the preparation of the samples for 
examinations in series were carried out in this way just one of the advan-
tages of the method of the electrography — the rapidness — would be 
eliminated. Another solution would be to press the ore powder into pas-
tils and then to print. If the powder is very fine it may be pressed into 
pastils. However, if the fractions are coarser it can no more be accomplish-
ed, but even if the pastils are prepared of fine fractions they may also 
deteriorate when they are pressed onto the reagent paper. .. 
Finally, the following solution seems to be appropriate in all cases: 
the mounting block is made of plexy-glass the size of its surface is 7 X 9 
cm and the height 2 cm, the samples are inserted into 12 bores penetrat-
ing entirely through the block. The diameter of each of the bores is 9 mm. 
The backing sheet is placed onto the aluminum plate which serves as 
cathode and onto this the printing paper is laid. If a direct print should 
be prepared the printing paper, must be impregnated with the suitable 
electrolyte and reagent, if on the other hand, only a latent print should 
be made the gelatine paper is simply only imbibed with the electrolyte of 
•choice. . 
y < backing sheet—mfi, 
plate of oluminum 
insulating plate 
-plots of •oluminum ' 
mounting block 
core of copper 
ore concentrate or 
pulverized ore sample 
Tig. 1. The mounting -block for the electrographiç examination of pulverized ore 
samples. The arrangement of the samples, printing pad and electrodes 
If the fine ore powder comes into direct contact with the gelatine pa-
per it adheres, to its surface soiling it and renders particularly in the case 
of faint colouration the precise identification impossible. This possible 
error may be avoided if — before the mounting block is put onto the sur7 
face of the gelatine paper — a thin paper (cigarette paper) moistened 
with the electrolyte applied is smoothed onto it and the excess moisture 
of the gelatine paper and of this veiling sheet smoothed onto it are si-
multaneously rolled with a rubber roller between two clean blotting pa-
pers. This also causes the protective layer to adhere without forming air-
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.bubbles to the reagent paper. Thus the samples come into direct contact 
with this veiling sheet which the ions can penetrate during the electro-
lysis easily, thus the printing time is not either prolonged, and the sur -
face of the reagent paper remains quite clear so that the colouration on i t 
is well visible, i. e. the latent print can also be developed without any dis-
turbing interference. ' ' 
The mounting block is placed onto the veiling sheet, the powder 
samples are strewn into the bore-holes and the powder is uniformly dis-
tributed and pressed by means of a glass rod, then a copper or a luminum 
core — the diameters of which correspond to the bore — is placed over 
the powder into the bore-holes and finally onto each core a spring of sui-
table strength is adjusted. The springs protrude about 5—6 mm out of 
the mounting block. The springs are pressed down by an aluminum plate 
and the mounting block — clamped between two aluminum plates —7 is 
inserted into the press used for electrography. 
The dimension of the bore-holes may of course be chosen arbitrari ly. 
If only simple qualitative spot testing should be accomplished using small 
quantities of the substance bore-holes of far smaller dimension then those 
mentioned above are suitable, whereas if the colour intensities of p r in t -
series should be compared, it is advisable — in order to obtain a colour 
spot with a larger surface :— to use a mounting block provided with bore-
holes of larger diameter. The above mounting block renders possible the 
simultaneous printing of 12 samples, of course, single samples can also 
be printed. If the comparison of the colour intensity of the prints is not 
important and the samples should be examined one by one the mounting 
block is not. introduced into the press, but the samples are inserted into 
the mounting block placed on the printing pad, the copper core is pu t 
onto it and the banana plug at the end of the lead connected with , the po-
sitive pole of the battery is mildly pressed to it. 
According to points (a — d) described at the beginning of the Ex -
perimental the construction of the mounting block, as well as the technic 
outlined is very suitable, thus the tasks outlined in paragraph 1 of t he 
Introduction concerning the electrographic examination of pulverized ore 
samples have been solved satisfactorily. As regards the electrographic 
examinations of pulverized ore samples the present paper will merely 
still deal with a few establishments summarised briefly in the following. 
If identical samples are introduced into the bore-holes and the prints 
prepared simultaneously, the intensity of all the prints will be the sam? 
considering that all the experimental conditions i. e. the voltage, current , 
electrolyte, reagent, pressure, timing and the resistance of the single 
samples are quite identical. The prints demonstrated on Fig. A. of the 
Plate were prepared f rom niccolite powder on dimethylglyoxim reagent, 
paper by simultaneous printing. 
If on the other hand, different per se homogeneous ore samples a r e 
introduced into the single bore-holes and printed simultaneously on a r e -
agent paper specific for a given metal, the colour intensity of the pr ints 
of the individual samples will not necessarily be in every case and ore 
the same. Thus, for instance, on introducing into the 12 bores of the 
mounting block 2—2 samples of covellite, enargite, tetrahedrite, chalco-
pyri te , pyrrhotite, and pyrite and using a-a'-dipyridyl reagent' paper and 
printing them simultaneously (2,2 V, 5 mA, 2 minutes) the print density 
of the two prints of the same minerals was identical, but e. g. the print 
•of pyrrhotite was fainter than that of pyrite, that of enargite fainter than 
thac of covellite and that of tetrahedrite only just visible, as can be seen 
-on Fig: B. of the Plate. ' . 
However, if only 1—1 sample was taken of the above.ores, i. e. 6 va^ 
rious ore samples were printed simultaneously on the reagent paper men-
tioned above at 6 V, 20 mA, 1 minute, the density of the prints obtained 
•from all the samples was. well detectable, but as can be seen on Fig. C. 
•of the Plate the intensities also varied in this case, for example those of 
pyrite and pyrrhotite and enargite, tetrahedrite and covellite, respecti-
vely. 
The above facts may be interpreted as follows: 
In the case of a given reagent the print density depends upon the 
quanti ty of the ions dissolved f rom the sample and fixed in the reagent 
paper as_ insoluble. coloured compound. The amount of the dissolved ions 
is, however, among others also influenced by the current. If the •bore-
holes contain samples of identical composition and resistance the current 
through the electrographic cell recorded on the milliammeter of the 
•electrographic equipment is distributed uniformly through the single samp-
les and considering that all other conditions are also identical the den-; 
sity of the prints obtained is also the same. If on the other hand, the 
bore-holes contain various ore samples these come through the copper 
•core — spring — upper aluminum plate — spring — copper core into me-
tallic contact with one another and are also in contact with the same-
electrolyte, hence they may form local cell systems. Similarly local cells 
may also be created between the different ore samples and the lower alu-
minum plate. It can thus be visualised that if this assembly functions as 
•a primary cell without an external power prints are merely obtained of 
those ores which as compared with the others have more anodic charac-
ter, whereas the more cathodic specimens would not be dissolved and 
hence would not be printed. If, however, a current supply is applied and 
the potential 'across the cell is sufficient to render all the specimens com-
pletely anodic, practically all elements may be forced f rom the surface 
of the samples into the printing medium and also in the case of different, 
ore samples prints with satisfactory density will be obtained from each 
single sample. The two exemples mentioned above show too that if enar-
gite and tetrahedrite are printed simultaneously with other ore. samples 
at 2,2 V only very poor prints were obtained, whereas at 6 V in the case 
of the same ores the density of the prints of enargite and tetrahedrite was 
very suitable. Hence, it is possible to obtain prints f rom different samp-
les simultaneously. Differences in intensity may also fur ther prevail be-
cause there may fur ther exist differences in resistance of the single samp-
les owing to which the distribution of the current passing through wiil 
not be uniform, thus in spite, of the identity of voltage, pressure and time 
there will still exist differences between the amounts of ions forced into 
the .pr int ing medium and thus also between the print densities. ' -
If various kinds of ores are examined simultaneously and the f i r s t 
print shows that the intensity of some of the prints is very poor the follow-
ing ones must be printed singly and care must be taken that the electro-
lysis is carried out identically in the case of each sample, thus the second 
print will already be well identificable and the density of the prints wi l l 
be appropriate. 
If in the ore examined different kinds of sulphide minerals are pre-
sent and it must be decided whether the ore powder contains e. g. Co, Ni, 
Fe and Cu, the examination is simple. Gelatine paper strips provided with 
a veiling sheet and singly impregnated with reagents specific for the me-
tals to be detected are placed side by side under the mounting block, the 
samples are strewn into the bore-holes and printed. The prints may be 
made simultaneously f rom several samples, as if the ore powder to be 
examined is also in itself a mixture of different minerals, the composition 
and behaviour of the mixture introduced into all the bore-holes is the 
same. Sometimes it is better to make latent prints, particularly if at t h e 
detection of the single metals it may be anticipated that interfering ions 
will have to be masked. Thus for instance, in the above case if Co should 
be detected with a-nitroso-/?-naphtol and the presence of iron and 
copper must be taken into account, .it is advisable merely to permeate 
the strip used for the detection with a solution of sodium phosphate + 
potassium iodide to mask the interfering metals mentioned, and only to 
develop subsequently the latent print in the reagent. On the other hand, 
e. g. the detection of iron or copper with a-a'-dipyridyl can in all ca-
ses be carried out directly on the paper impregnated with the reagent, as 
in the case of this reagent there are no interfering ions^ Besides just in 
the case of this reagent, as well as in that of all reagents which form co-
loured soluble complexes with metal ions and not an insoluble precipi-
tate, the direct printing is more suitable as if one would at tempt to deve-
lop latent print in such reagents, instead of a clear, sharp print an indis-
tinct, blurred spot would be obtained. On the 'o ther hand, in. the case of 
reagents which form an insoluble precipitate with the metal, it is of ten 
better to prepare first a latent print and develop them subsequently, as 
in the case of direct printing a thin precipitate layer can form already 
on the surface of the anode which may easily block the fur ther penetra-
tion of the metal ions into the reagent paper. 
The elaboration of the course of the electrographic analysis of d i f fe -
rent pulverized ore samples and ore concentrates, the establishment of t he 
smallest quantities of metal which can be still detected by electrographic 
examination of such samples is in progress. 
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E X P L A N A T I O N OF THE P L A T E 
A ) PRINTS OF NICCOLITE SAMPLES . • 
Printing conditions 
Electrolyte: 0,5 M Na,SO ( Latent simultaneous printing 
Gurrent: 10 milliamp. Voltage: 2 volts Time: 60 seconds 
Latent print' developed in 1% alcoholic solution of dimethylglyoxime 
- B ) PRINTS OF VARIOUS ORE SAMPLES 
1—2 covellite 7— 8 tetrahedrite 
3—4 chalcopyrite 9—10 pyrrhotite 
5—6 enargite 11—12 pyrite 
Printing conditions 
Electrolyte: 0,5 M Na,S04 Direct simultaneous printing 
Reagent: 0,5% aqueous solution of a-a'-dipyridyl 
Current: 5 milliamp. Voltage: 2,2 volts Time: 2 minutes 
C ) PRINTS OF VARIOUS ORE SAMPLES 
1. tetrahedrite 2. enargite 3. covellite 
4. chalcopyrite " 5. pyrrhotite 6. pyrite 
Printing conditions 
^Electrolyte: 0,5 M Na,SOA Direct simultaneous printing 
Reagent: 0,5% aqueous solution of a-a'-dipyridyl 
Current: 20 milliamp. Voltage: 6 volts. Time; 1 minute 
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The enclosed reproduction of the original 
prints reflects only approximately the 
discrepancies in colour intensity of the ori-
ginal prints. Its communication owing to 
the references in the text can not be 
neglected. 
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METHOD FOR THE DETERMINATION OF THE MINERAL 
COMPOSITION OF SEDIMENTARY MANGANESE OXIDE ORES ON 
THE BASIS OF THEIR THERMAL PROPERTIES 
GY. GRASSELLY and EVE KLIVÉNYI 
(Institute for Mineralogy and Petrography of the University, Szeged) 
ABSTRACT " 
To elucidate 'concerning the. genetical aind geochemical conditions of the sedi-
mentary manganese ore deposits is essential to examine the correlations of the grade 
of oxidation of the Mn-ores, the redox-potential and the pH of the environment. 
The first step to reach it is pot to know merely the-whole MnO and active O con-
tents of the manganese oxide ores but to know their distribution among the mi-
neral components of the ores to. be taken into consideration, i, e. the actual quantity 
of the mineral components contained in the sedimentary manganese oxide ore samples 
examined. 
Iiri the present paper the authors suggest a method for the determination of 
the mineral composition based on the thermal properties of. the manganese oxide 
rri^e-als usLn<î a graphic plotting as well. Employing this method the quantity of 
pyrolusite, manganite and psilomelane to be found near each other simultaneously 
in the sedimentary Mn-oxide ores in Hungary has been determined. 
INTRODUCTION 
For the fur ther completion of the establishments concerning the con-
ditions of the formation of sedimentary manganese ore deposits in Hun-
gary the systematic examinations relating to, the correlations between the 
pH and redox-potential of the environment and grade of oxidation and 
composition of the manganese oxides and oxide hydrates, respectively, 
will furnish valuable data. 
- In his book Szâdeczky11 emphasised the geochemical importance of the 
grade of oxidation and also assumes that theoretically the grade of oxida-
tion could be characterised, not merely by the ferro-ferr i ratio, but also 
by that of other elements of variable valency, e. g. Mn0 2 /Mn0 (OMn). 
At the examination of manganese oxides the application of this assump-
tion seems very evident. However, the determination of the grade of oxi-
dation of heterogeneous ore associations t>y the giving of the Mn0 2 /Mn0 
ratio or that of the whole MnO and active O content is not sufficient, but 
a means must be found to determine the quantitative ratio of the single 
manganese oxides of the ore assemblages too. 
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The mineral composition of a heterogeneous sedimentary manganese 
ore cannot be determined only on the basis of the data of the chemical 
analyses, but ore microscopic investigations are not either able to show 
precisely in every case the quantitative ratio of the single components. 
However, the quantitative determination of the oxidation grade, as well 
as that of the ratio of the individual components of the ore associations could 
partly compose the basis for fur ther geochemical considerations and ren-
der possible the precise definition of the ore samples, generally considered 
as pyrolusites and psilomelanes, respectively. Thus, more precisely de-
fined types may be distinguished in the mineral associations of the sedi-
mentary manganese oxide deposits. 
The authors have already dealt in several papers5 '0 with the thermal 
properties of manganese oxides of higher valencies, one of them has also 
elaborated a procedure for the determination of the composition of the 
Mn02—Mn2O s—Mn304 systems3. So far the examinations have been car -
ried out exclusively with artificial pure oxides identified by X-rays in 
order to eliminate as far as possible the interfering impurities and to b e 
able observe in mixtures of definite composition the interaction of t h e 
various manganese oxides of higher valencies during the thermal t rea t -
ment. The DTA examinations2 of pure oxides and their mixtures respecti-
vely were dealt with by Mrs. M. Földvári Vogl and Miss V. Koblencz. 
The results of the thermal examinations rendered necessary and also 
possible the modification4 of the originally suggested method3 for the de-
termination of the composition of the MnÖ2—Mn203—Mn^O., systems. The-
experiences gained by examinations of artificial oxides rendered it also 
possible for the authors to attempt the quantitative determination of t he 
mineral composition of the fairly variable highly impurified sedimentary 
manganese oxide ores. An attempt, to find a suitable solution seemed all 
the more necessary because the thermal curves obtained at the DTA 
examinations of the samples containing besides the various manganese, 
oxides clayey limonitic impurities in considerable amounts cannot be une-
quivocally evaluated in most of the cases — mainly not in a semi-quanti ta-
tive manner. 
The modified method suggested for the simultaneous determination 
of the three manganese oxides of higher valencies can according to the^ 
data of. the paper cited above4 be applied advantageously in presence of 
MnO,, Mn203 , Mn304 , i. e. that of pyrolusite, manganite and háusmannite. 
However, in the. case of the examination of the mineral composition of 
the sedimentary manganese ore deposits in Hungary this is somewhat 
more complicated. Inasmuch, as in addition to the presence of pyrolusite 
that of psilomelane must also be taken into account. Hausmannite may 
be neglected considering that the works dealing with the mineral asso-
ciations of the Hungarian sedimentary manganese ore deposits do not 
mention their occurrence anywhere. 
Thus, the first question which, must be decided is whether and how 
the quantitative method hitherto applied for the artificial pure oxides and 




A. On psilomelane and its thermal behaviour 
In the course of thsir detailed investigations of various artificial and 
natural manganese oxides Rôde and his co-workers10 dealt with the exa-
mination of complex compounds containing besides Mn IV also Mn11 and 
foreign metals too. Considering these compounds as derivatives of meta-
manganous acid — M n 0 2 . H 2 0 — and polymetamanganous acid 
— nMn0 2 . H lO — respectively, they termed them permanganites and 
polypermanganites, respectively. 
They give the formula: (R, Mn)0 . n M n 0 2 . mH^O for polypermanga-
nite, where R may .be K2, Na2, Ca, Ba, Pb, respectively. Many samples of 
different localities considered to be psilomelanes were examined. On thé 
basis of the thermal and X-ray examinations some of the samples proved 
to be pyrolusite, or a mixture of pyrolusite and braunite. According to 
the chemical and X-ray examinations, however, the greater part of the 
samples proved to be a mixture of pyrolusite (more precisely the /? and -/ 
modification of MnO r) and polypermanganites. In 8 of the samples the 
presence of potassium polypermanganite and in a sample from Saxony 
that of barium polypermanganite could be established. The former cor-
responds to cryptomelane, the latter to hollandite. 
Mineralogieally the hard manganese ores of high percentage with a 
botryoidal-reniform habit probably precipitated as gel used to be in ge-. 
neral termed under the collective name of psilomelane. 
Of these, however, very many as has been shown by numerous exa-
minations — are nothing else than mixtures of various manganese oxides. 
It has, however, also been established, that »psilomelane in the strict 
sense of the word« really exists too. Recent investigations have also shown 
that even the psilomelane mentioned above is not uniform, but that psilo-
melanes contain apart f rom »original psilomelane« also cryptomelane, 
however, hollandite and coronadite isomorphus with the latter may also 
occur. According to the establishments of Ramdohr9 the three latter com-
ponents can be difficultly distinguished by ore microscopic examinations 
f rom the »original psilomelane«. 
The composition of the »original psilomelane« is expressed by the fol-
lowing formula: BaMn n Mn, I V 0 ,(OH)4. The high barium content of the 
mineral belongs to the lattice. The composition of cryptomelane, holland-
ite and coronadite is given by the following formula: XRnMnG I V0,4 where 
X=K~, Ba, Pb; R n = M n , Fe, Cu, Zn. The cryptomelane contains mainly 
potassium, barium is absent, or only present in insignificant amounts, the 
coronadite may contain X = Pb and the hollandite Ba. Their properties 
are fairly similar the three members may form isomorphus mix-crystals. 
In his earlier work Ramdohr termed collectively these three components 
as the second component of psilomelanes. According to the present estab-
lishments of Ramdohr psilomelanes contain three main crystalline com-
ponents. In addition to these almost always pyrolusite may be found too. 
Rode10 states that the thermal curves of polypermanganites are in 
general characterised by a peak indicating the giving off of water" and 
an exotherm peak due to a recrystallization reaction followed by. an 
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endotherm peak corresponding to the decomposition of polypermanganite. 
It may be remarked that, in the case of natural recrystallized poiyper-
manganites, i. e. psilomelanes, the exotherm peak mentioned of course 
fails to occur. According to Rode cryptomelane decomposes at 750—850° C, 
thus at a higher temperature than the /?- or. y-modification of Mn0 2 , not 
•Mn203 (a-kurnakite),' but a new crystalline compound is built up. 
On the thermal curve of psilomelane described by Kulp and Perfetti8; 
at about 700°C and 800°.C an endotherm broadening may be observed 
and somewhat over 1000°C a more definite endotherm peak too. In the 
case of coronadite Caillere and Kraut1 observed endotherm peaks at 740°C 
and 1000°C, respectively. 
The psilomelane found in the zone of oxidation of Rudabanya in mine 
Andrassy II. is according to the chemical analysis very similar to the ideal 
composition of the »- original- psilomelane« so much so that in Hungarian 
relation the psilomelane f rom Rudabanya may be considered to represent 




Mn0 2 72,77% ' 65,68% 
MnO 7,42 9,74 
Fe 20 3 — • • 1,11 
AI2O3 — 0,45 
BaO 16,04 16,87 
CaO — 1,20 
MgO — 1,07 
K2O — ' traces 
N a 2 0 — - traces 
H2O+ 3,77 3,74 
SiOi — 0,67 
100,00% 100,53% 
According to S. Koch7 the psilomelane f rom Rudabánya forms a reni-
form layer on limonite the very fine stratification of the former runs paral-
lel to the surface. It consists of an entangled texture of f ine threads which 
cannot evén be detected with high magnification, in some places several 
bigger single threads running perpendicularly to the láyers and their r a -
diated aggregations, respectively, may be observed. 
The aim of the present paper is to find a method for the determination 
of the mineral composition of sedimentary manganese oxide ores, gene-
rally composed of pyrolusite-manganite-»psilomelane«. The thermal beha-
viour of the components of Mn0 2 and Mn203 , respectively, corresponding 
to pyrolusite and mangánite is already clear. In one of their papers6 the 
authors have established on the other hand, that Mn304 which is alone 
in a pure state actually the most stable oxide of manganese at higher tem-
peratures, takes up also in the presence of small amounts of Mn0 2 ánd/or 
Mn203 already at lower temperatures oxygen f rom the air, and at 560— 
700°C transforms, completely into Mn203 . This is supported by the DTA 
examinations of Mrs. Földvári and Miss V. Koblencz2 and also confirmed by 
the X-ray investigations of K. Sasvári. 
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MnO + O 
content of 
the samples 
in per cent 
MnO and O content of the sampli 
recalculated to 100 per cent 
At 25°C Ignited at 7 
MnO O MnO 
Pyrolusite 
• Mád 1 2—1 42,02 83,22 16,78 89,23 
Pyrolusite 
Eplény 2 2—2 53,30 83,00 " 17,00 87,25 
Pyrolusite 
Eplény 3 2—3 33,42 83,21 16,79 86,58 
Pyrolusite 
Al-magyar 4 2—4- 55,76 ' 81,94 18,06 89,50 
Pyrolusite 
Eplény 5 2—5 . 45,88 82,65 
' 17,35 •• 86,65 
Pyrolusite 
Eplény 6 2—6 58,33 83,15 
16,85 86,06 
Psilomelane 
Rudabánya ' 7 3—7 76,84 83,72 
16,28 83,78 
Psilomelane 
Úrkút 8 3—8 75,15' 82,98 
17,02 85,42 
Psilomelane 
Úrkút 9 3—9 72,89 83,12 
16,88 88,88 
Psilomelane 
Úrkút 10 3—10 51,09 82,71 
17,29 86,27 
Psilomelane 
Úrkút 11 3—11 68,37 87,90 
12,10 . 89,37 
Psilomelane 
Lábatlan 12 3—12 76,98 89,42 10,58 89,40 
Crust of a concre-
tionary psilomelane 
Úrkút 
A — 23,34" 83,11 . 16,89 89,49 
•Core of a concre-
tionary psilomelane 
Úrkút 








D — 53,82 85,99 14,01 89,91 
; I. 
7 8 9 
A Oo/o 
Distribution of the MnO + O content 
(recalculated to 100%) of the samples 
among the molecules: 
(Composition plotted on diagram of Fig. 4.) 
Calculated mineral composition 
of the original samples 
in weight % 
MnOo Mn203 H4BaMnMnsO,0 o % calculated Pyrolusite Manganite 
Psilo-
melane 
—6,01 73 15 . 12 16,95 30,67 7,01 6,28 
—4,25 . 52 6 42 17,18 27,70 3,55 27,90 
—3,37 41 7 52 16,92' 13,70 2,59 21,66 
—7,56 92 • — . 8 18,26 51,29 — 5,56 
-4,00 47 2 51 17,36 21,56 1,01 • 29,16 
— 
-2,91 35 3 , 62 17,09 20,41 ' 1,95 45,09 
—0,06 1 4 95 16,44 0,76 3,42 91,01 
— 
—2,44 29 71 17,18 21,79 — 66,52 
—5,76 .69 : l 20 17,15 50,29 8,92 18,16 
—3,65 • 42 l 57 17,29 21,45 0,56 36,31 • 
-1,47 17 , 75 8 12,05 11,62 57,10 6,80 • 
+0,02 — 94 6 10,53 — ' 80,56 5,74 
—6,38 77 12 11 17,21 • 17,97 3,12 3,19 
—1,90 23 6 .71 16,68 8,62 2,49 33,18 
—4,84 59 40 1 15,07 23,14 17,47 0,48 
—3,92 47 53 14,02 • 25,92 3i,76 — , 
20 100 2 0 0 300 400 500 600 TOO 600 900 <00CTC 
Fig. J. Thermal curves of psilomeiane from Rudabanya and that of its mixtures with 
artificial Mn203 and/or Mn02 
—1 Psilomeiane, Rudabanya 
1—2' Psilomeiane + artificial Mn20;3 '• 1:1 
1—3 • Psilomeiane + artificial ,Mn02 . 1 : 1 . 
1—4 Psilomeiane-f-artificial MnOo + Mn20:1 1:1:1 
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On the thermal curve of the psilomelane f rom Rudabânya (1—1) 
around 750°C the first definite endotherm broadening can be observed, 
and at about 890°C another weaker one. At 1000~C the beginning of the 
formation of a sharp endotherm peak may be seen. Below 700°C an essen-
tial change on the thermal curve, mainly indicating the decomposition of 
psilomelane, cannot be. found. 
The ratio of the MnO and active O content of the psilomelane does 
not either change if the sample is ignited at 650—700JC during three 
hours. This fact, as well as the thermal curve demonstrate that below 
700°C there has not occurred any change in the grade of oxidation of psi-
lomelane, i. e. in the ratio of the MnO and O content. 
It was, however, questionable whether or not psilomelane behaves in 
the presence of Mn0 2 and/or Mn203 like Mn304 , i. e. undergoes in the pre-
sence of the above oxides at temperatures below 700°C any change, either 
by giving off or taking up oxygen. 
To decide this question psilomelane f rom Rudabânya was mixed with 
artificial Mn2Os and artificial Mn02 respectively, in a ratio 1:1 and finally 
with both oxides in a ratio 1:1:1. The corresponding thermal curves are 
1—2,1—3,'and 1—4. The thermal curves of the mixtures show that at t em-
peratures below 700°C psilomelane does not either change in the presence 
of considerable amounts of Mn,0 , and/or Mn0 2 . On the curves of the mix-
tures the first pronounced endotherm broadening characterising psilome-
lane appears at about 750°C at the same place. 
However, according to the thermal curves it seems that at higher 
temperatures in the presence of Mn203 (either if it was originally also 
present in this form or if it formed from Mn0 2 at 560°C which is demon-
strated on the curves .1—3 and 1—4 by a sharp endotherm peak) psilome-
lane already undergoes a far more significant decomposition. Most pro-
bably the endotherm peak appearing sharply on the curves of the mix-
tures at 920°C may be interpreted by this fact. It may be assumed that the 
second sharp endotherm peak appearing at about 980°C is the result of 
the transformation of the manganese oxides into Mn304 . The decompo-
sition occurring at 920'" C of psilomelane in mixturés may be due to the 
fact that its complete decomposition into Mn304 —. which in a pure state 
only starts at 1000°C — already takes place in mixtures at about 980°C. 
The pure psilomelane, as well as the mixture of psilomelane and 
Mn0 2 in a ratio of 1:1 ignited at 950°C gave a reddish-brown ignition 
product resembling Mn304 obtained by ignition of various manganese 
oxides at high temperatures. On determining the MnO and Q contents of 
the products obtained by ignition and recalculating thèm to 100 per cent, 
if the starting substance was pure psilomelane MnO] 4,, i. e. Mn3043r, and 
if the starting substance was a mixture of Mn0 2 and psilomelane the com-
position obtained was MnOl!37- i. e. Mn304 ! l l . The composition of the igni-. 
tion product obtained, at 950°C is in good approximation with the compo-
sition of Mn304 . It could also be established that the composition of the 
mixture approximates more this ideal composition than the ignition pro-
duct of pure psilomelane. This fact is also in good agreement with what 
has been said above relating to thé thermal curves of pure psilomelane and 
its mixtures, respectively. 
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The essential fact which is of interest at present in these investiga-
tions is that the oxidation grade of psilomelane in the presence of MnO, 
and/or Mn203 at temperatures below 700°C does not change, however, the 
decomposition of the MnO, component of the mixture already takes place 
a t 560°C. 
B. The thermal examination of some sedimentary 
manganese oxide ores. 
a),The establishment of the mineral composition 
of pyrolusite-manganite-»psilomelane« systems. 
One of the authors reported'1 in 1955 a procedure for the determi-
nation of the mineral composition of the Mn02-Mn203-Mn304 systems. This 
procedure was based on establishments described in the l i terature that 
Mn304 is the more stable oxide of manganese at higher temperatures and 
that Mn203 transforms only at 950°C into Mn304 , whereas Mn0 2 already 
transforms at 560°C into Mn203 by giving off oxygen. Hence, according 
to this assumption at 700° C only Mn02 changes, the other two oxides 
remain unchanged. Consequently, the difference between the active 
oxygen content of the original sample and that of the ignited one would be 
proportional to the Mn0 2 content of the substance. Thus it seemed possible 
to establish by means of suitable graphical plotting the composition of 
any ternary system: However, on te basis of the fur ther examinations of 
the authors just this suggested .method had to be modified, as it could be 
proved that in the presence of the two other oxides, Mn304 did not re-
main unchanged, and since then a new method4 without graphic plotting 
had been elaborated for the determination of the composition of the above 
systems. 
Concerning the pyrolusite-manganite-psilomelane systems, however, 
according to what has been demonstrated above, of the three components 
psilomelane remains even in the presence of the two other oxides unchan-
ged at 700°C, manganite only gives off its water content at about 350°C 
and otherwise remains unchanged as Mn203 till 950°C, only pyrolusite de-
composes already at about 560°C. Thus among the three components when 
they are ignited in f ree air at temperatures below 700°C, only one is va-
riable: the pyrolusite. This means that the trend of thought of the method 
earlier proposed by one of the authors for the determination of the com-
position of the Mn0,-Mn203-Mn,0,, systems — mutatis mutandis — is 
suitable for the determination of the mineral composition of systems con-
taining the above components with the application of the graphic plotting 
reported in the paper cited3 too. 
Merely the following modifications of the trend of thought and gra-
phic plotting, respectively, must be carried out: instead of Mn304 psilome-
. lane is contained in the system, therefore, the place of the oxygen base 
line must be altered on the graphicon. On the earlier graphicon, instead 
of the ideal active oxygen content of 6,99 per. cent plotted on the ordinate 
at 100 per cent Mn304 , the ideal oxygen content of 16,70, per cent of psilo-. 
melane (the »original psilomelane«) had to be plotted. This value is obtain-
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ed if the MnO and O content calculated on the basis of the formula 
H4BaMnMnsO20 is recalculated to 100 per cent. 
The outlined course of the determination of the mineral composition 
of the pyrolusite-manganite-psilomelane systems is as follows: 
1. The whole MnO and the active O content of the samples is deter-
mined. 
2. The samples are ignited at 650—700°C and the amount of the 
active O and MnO is again determined. The latter can already be calcu-
lated f rom the determined MnO content of the original samples too, if 
the loss on ignition is known. 
20 100 200 300 400 500 600 TOO BOO 900 tOOO'C l l i l l l_ i i 1 1 : 1 
SO ~«X) JOO 300 ~400 500 ~000 700 600 . . 900 « 00 "C 
Fig. 2. Thermal curves of some sedimentary manganese oxide ores (Concerning 
denotations see Table I.)' 
3. The HnO and O contents of both the original and ignited samples 
are recalculated to 100 per cent.. 
4. After the recalculation to 100 per cent the difference between the 
oxygen contents of the ignited and unignited safnples gives the AO per 
cent, the amount of which is proportional to the pyroiusite (Mn02) content 
of the mixture. ' '. 
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.5. The obtained values are plotted on the diagram and finally on the 
concentration triangle —- belonging to the diagram — each sample is 
characterised by a dot. This dot characterises the ratio of the manganese 
oxide components of the given sample, hence on the basis of the site of 
the dots the various types may be well defined. The dots plotted an the 
concentration triangle, however, do not give actually the real percentile 
amount of the manganese oxide minerals of the original samples contain-
ing clayey limonitic impurities too. , 
Considering that the paper mentioned above3 describes the manner 
of plotting in detail this question is no more dealt with. 
According to the method described above a few Hungarian ore samples, 
mainly those from Eplény and Urkut, as well as f rom Lábatlan, Ruda-
bánya and Álmagyar were examined. In „our collection the samples were 
denoted, as customary, under the generalising name of pyrolusite, psilo-
..melane, wad. The result of the examinations are summarised in Table I. 
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Column 8. of the Table I. contains the data plotted on the diagram of 
Fig. 4. These data characterise the type of the single samples. Finally, 
Column 9. of the Table I. shows the most probable mineral composition of 
the original samples, where »psilomelane« may denote »original psilome-
lane« as well as cryptomelane, or hollandite and their mixtures, respecti-
vely, as these are generally the main components of psilomelanes. 
The DTA examination of the samples (1—12) enumerated in Table I. 
was also carried out. The thermal curves are plotted on Figs. 2. and 3. 
The calculated composition given in Column 9. of Table I. was plotted 
on the concentration triangle of Fig. '4 . The different manganite-pyro-
lusite and psilomelane types can be well distinguished. 
b) Discussion of the thermal investigation and the 
manner of plotting. 
It has been mentioned that though the dots plotted on the concen-
tration triangle characterise the various samples, they do not yet represent 
the real percentile mineral composition. .. . 
The determination of the mineral composition of a sample f rom 
Epleny denoted as pyrolusite in Table I. under No. 5 represents.an exemple 
for the establishment of the real mineral composition: 
The MnO + O content of the 'sample: MnO + O 45,88 per cent 
The measured MnO and O content 




The MnO and O content recalculated to 





4 0 per cent: —4,00 
On plotting the values obtained (17,35 per cent and 4 per cent), the 
site of the dot obtained on the concentration triangle represents the distri-
bution of the whole MnO -f- O content recalculated to 100 per cent among 
the three components of the sample, i. e. it holds: . 
Mn0 2 47 per cent 
Mn/5, 2 
H4BaMnMnsO20 51 
But the MnO -+- O of the original sample amounts only to 45,88 per 
cent, the remainder consists of quartzous clayey limonitic impurities. 
Hence, the data recalculated previously to 100 per cent must be reduced 
to this value. The results obtained show the t rue distribution of the actual 
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MnO O contents of the samples among the three molecules mentioned 
above: 
MnO., 21,56 per cent 
Mn263 0,91 
H ;BaMnMn5O20 23,39 
Hence, subsequently the most probable mineral composition may be 
calculated on taking the following into account: 
a) The value, obtained for Mn0 2 corresponds to the amount of pyro- . 
lusite too. 
b) The value obtained for Mn203 , however, does not give directly 
the percentile amount of manganite, as the composition of manganite is 
Mn203 .H20. On taking the ratio of Mn2Oa and H 2 0 into account, the values 
obtained for Mn203 must be multiplied by 0.1138 and the product obtained 
is added to the value of Mn2Os, and in this manner the percentile manga-
nite content of the sample is obtained. 
c) Also in the case of H4BaMnMnsO20 originally only its MnO and O 
content was considered. On taking its other components into account too 
the obtained values must be multiplied by 0.247 and the original value 
increased by this product. Then we have how much psilomelane is contain-
ed in the original substance. 
In the case of the above exemple, if the corresponding calculations are 
carried out, we have finally that the »pyrolusite« f rom Eplény containing 
' 37,92 per cent of MnO and 7,96 per cent of active oxygen, actually contains: 
Pyrolusite 21,56 per cent 
Manganite 1,01 
»Psilomelane« 29,16 
If the active oxygen percentage of the ore is calculated on taking the 
amount of the minerals enumerated and their ideal active oxygen percen-
tage into account, we have 7,95 per cent which is in complete agreement 
with the actually measured value. 
This manner of calculation is in the case of pyrolusite and manganite 
undoubtedly correct. Namely, from, the point of view of the grade of oxi-
dation if either pyrolusite (Mn02) or perhaps ramsdellite (Mn02 .H20) and 
manganite (Mn203.H20) or possibly bixbyite ((MnFe)203), respectively, are 
involved the gradé of oxidation, i. e. the ratio of the whole MnO and the 
active O content remains in both cases unchanged. At the most, at. the 
recalculation to the mineral composition the above differences must taken 
into consideration. Therefore, on one of- the peaks on the concentration 
triangle the molecule Mn0 2 and on the other the molecule Mn20 ;, were 
plotted. On the other hand, with respect to the plotting .of the 
H,BaMnMnsO20 molecule on the third peak this is not quite justified, how-
ever, we wanted to express that the MnO-O values characterising the 
•-original psilomelane« were considered. 
The question may also arise, whether it is alltogether correct only 
to take the »original psilomelane« — having the above formula -— into 
• account, as for instance cryptomelane is always present, what more,holland-
ite isomorphous wi th the lat ter may also be present . If in the case of the 
three minerals on the basis of their formulae only the MnO and O content 
recalculated to 100 per cent is taken into consideration we obtain tha t the 
active oxygen content of cryptomelane and hollandite is 16,20 per cent, 
whereas, tha t of the »original psilomelane* amounts to 16,70 per cent , i. e. 
there is no essential difference in the grade of oxidation. Thus, if only the 
MnO and O content recalculated to 100 per cent of the samples is plot ted 
on the diagram, the site of the dot obtained on the concentration t r iangle 
will characterise precisely the type of the ore samples, the ratio of the com-
ponents. The fact that the composition and its MnO-O ratio of the »origi-
nal psilomelane« served as the sole basis for the calculations and tha t t he 
presence of- hollandite and cryptomelane was not taken into account did 
not cause any appreciable deviation on the diagram, thus it does not 
change the type essentially. 
Fig. 4. The distribution of the whole MnO and O content (recirculated to 100 per 
cent) among the molecules Mn0 2 — Mn203—H4BaMnMn8O20 in the samplés examined.. 
(Concerning denotations see Table I.) 
If the percentile values on the concentration triangle corresponding 
to the samples are recalculated for minerals the data o b t a i n e d — tak ing 
only MnO-O into consideration — must be mult ipl ied wi th 0,2740 in the 
case of »original psilomelane«, whereas if hollandite is involved, the index 
number would bé 0,271 and in the presence of cryptomelane it would be 
H4Bci t in' f in? Ojo 
MnaOj MnO* 
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0,159. On carrying out the above calculations for the sample No. 5 the 
value reduced to the actual MnO + O content of the original sample must 
be multiplied by the above index numbers and the original value is 
increased by this product, then the sample contains 
29,7.2 per cent hollandite or 
29,16 per cent »original psilomelane« or 
27,10 per cent cryptomelane. 
Hence, there is no appreciable deviation, moreover just the calculated 
amount of the »original psilomelane« seems to be in good approximation 
with the average of the three various valúes. At the establishment of the 
mineral composition the possible errors inherent in the measurings, and 
subsequent plottings may also cause deviations of about the same extent. 
In our opinion, thus, if it is .also not quite correct to based the calcula-
tions only on the »original psilomelane« this affords f rom the practical 
point of view a logic and proper aspect concerning the amount of »psilo-
melane« actually contained in the sample examined. 
The thermal curves will not be dealt with in detail, only a few-
remarks will be added. One establishment is that on most of the curves — 
with the exception of curves 3—9, 3—11 and 3—12 — the endotherm peak 
indicating the transformation of manganese oxide components into Mn304 
is absent. Presumably, samples containing clayey impurities abundantly 
are involved and the exotherm reaction of the various clay minerals 
taking place at about 980—1000°C is responsible for the absence of the 
peak mentioned above. According to the examinations two samples proved -
to be manganite, on the thermal curves of both of them (3—11 and 3—12) 
the endotherm peak indicating the giving off of water by the manganite 
appears distinctly at 320 to 340°G. In the samples containing iron impu-
rities this endotherm peak can also be caused by the presence of limo-
nite. It is striking that the peak characterising pyrolusite is hardly 
visible, it flattens out even in the case of the sample containing pyrolusite 
in relatively larger amounts. The peaks characterising psilomelane can be 
detected on several curves, however, it seems in general that the identi-
fication merely on the basis of differential thermal curves of manganese 
oxide components of sedimentary manganese ores containing beside the 
various manganese oxides clayey-limonitic impurities in considerable 
amounts too is fairly problematic as the peaks indicating the reactions run-
ning down parallel in the course of the heating can overlap, shift or even 
compensate one another; On the other hand, if the most probable mineral 
composition is determined in the manner suggested in the present paper, 
at least the qualitative evaluation of the thermal curves may become 
easier. 
On the basis of the examinations the type of each sample may be 
precisely determined as well if a sample containing manganese oxides in 
low percentage as if one containing these oxides in high percentage, or if 
ore samples of crystalline or earthy habit are involved. Thus, e. g. of 
a sample considered to be a wad f rom Urkut the thinner brownish and 
thicker bluish-black layers of which wére separately examined it could be 
established, that it is a mixture of pyrolusite and manganite (dots C a n d D 
4-5 
on Fig. 4.). The crust and interior of a reniform concretionary psilomelane 
sample f rom Úrkút was also investigated. Pyrolusite (17.y7 per cent) domi-
nates in the crust, apart f rom it there is aiso a little manganite (3,12 per 
cent) and psilomelane (3,19 per cent)' present, whereas in the interior 
psilomelane dominates (33,18 per cent) and in addition there also occurs 
a little pyrolusite (8,62 per cent) and still less manganite (2,49 per cent) 
(dots A and B on Fig. 4.). On the other hand, concerning the sample f r o m 
Lábatlan it could be undoubtedly established that it is dominantly built 
up of manganite (80,56 per cent) containing a little psilomelane too (5,74 
per cent). 
This plotting will become particularly useful if it will be possible to 
plot the composition of an essentially larger number of samples collected 
f rom various places and levels of the deposits of Urkut and Eplény as 
described in the present paper. 
In the course of fu r ther investigations the authors will deal with the 
correlation of the composition and grade of oxidation of sedimentary man-
ganese ores and pH value and redox-potential of the medium, respectively, 
and apply the results for the interpretation of the origin of the Hungarian 
sedimentary manganese ore deposits. 
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HYDROTHERMAL TURMALINE FROM NAGYBÖRZSÖNY 
S. KOCH 
(Institute for Mineralogy and Petrography of the University, Szeged) 
The author and Gy. Grasselly's paper1 which appeared in the Acta 
Mineralógica—Petrographica Univ. Szegediensis Tom. VI. (1952) mainly 
deals with ore minerals of the mineral association of subvolcanic 
mesothermal origin of Nagybörzsöny. In the course of the then inves-
tigations besides the stocky small prisms of the less frequent apatite 
another mineral's extremely fine fibres and aggregations of entangled 
fibers were observed. Owing to the very small amount .of the material 
available at that time it was not possible to identify this fine fibrous sub-
stance. 
Fig. 1. Turmaline needles in quartz crystals. 1200 X 
Since then we succeeded in collecting a great deal of material f rom 
the ore dump and adit of the Alsórózsabánya of Nagybörzsöny. All the 
thin sections of this material, as well as the very altered accessory rocks, 
furthermore, the quartz and crystalline calcite associated with the ore, 
contained thin needle crystals — the size of which always is less than one 
mm — extremely fine fibers and the feltlike texture of the fibers of this 
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unknown mineral. J. Erdélyi- also found in the hydromuscovite which he 
collected in the adit and determined the unknown mineral mentioned 
above, according to him it interlaces the hydromuscovite with its fibers. 
The small needles — usually 0,1 mm in size — and extremely f ine 
fibres of the mineral appear as inclusions in crystalline quartz, calcite 
and the siderite rombohedrons of lenslike curved planes, but they also 
appear in ores, in pyrrhotite and sphalerite. The small needle crystals 
exhibit terminal endings and a trigonal-ditrigonal cross-section. 
Fig. 2. Turmaline needles in quartz. The trigonale cross-section is well visible. 1200 X 
The needle crystals are situated in single, or concentric radiated 
groups (turmaline-suns), whereas the fine fibres may be found arranged 
at random in smaller or larger piles, feltlike manner. The single fibers are 
bent and curved. 
The above mineral is mostly associated with a micaceous mineral 
determined by J. Erdélyi as hydromuscovite, f rom it the needles spread 
and branch out and it is richly interwoven with aggregations of the f ine 
fibres. 
The small fibers are colourless and the tiny needles exhibit a slightly 
greenish shade. The small fibers of the mineral are optically negative, 
their indices of refraction measured with the immersion method: 
fO = 1,65 e — 1,63. 
The small fibers were dissolved with dilute hydrochloric acid f rom 
the matrix containing calcite. The substance obtained in this manner 
containing in addition to hydromuscovite very many small sphalerite, 
pyrite and arsenopyrite crystals was first purified through manyfold 
settlement. Subsequently the heavy substance, the metallic impurity was 
separated with bromoform finaly it was purified in serial alcoholic settle-
ments. Thus the slightly greyish substance examined consisting almost 
only of fine small fibers was obtained. 
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SpectroscoDical examinations of the quartz containing an abundant 
amount of the feltlike texture exhibited traces of boron. The examinations 
were made by Mrs. t ôldvâri. The final results of the examinations proved 
the mineral to be turmaline. 
Fig. 3. Turmaline »sun«. 1200 X 
Fig. 4. Turmaline needles protruding from hydromuscovite. 1200 X 
At my request dr. Karel Padera docent of the Institute of Mineralogy 
— Crystallography and Geochemistry of the Charles University of Prague 
kindly examined and identified by means of X-rays the material of the 
fine fibers. The author wishes to express to him his gratitude for his kind 
î i ! 
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co-operation. He gave us the following information: »Die Identifizierung 
des Minerals als Turmalin wurde auch röntgenographisch bestätigt. Die 
stärkesten Linien waren in guter Übereinstimmung (die Werte d und auch 
die Intensitäten) mit den Angaben in der Literatur«. 
The result of the analysis of the substance subtracting the sulphide 
impurities (mainly pyrite and arsenopyrite), as well as the O correspon-
ding to the F content, fur thermore the data concerning the part of the 















Analysed by Mrs. Eve Klivényi 
The content of B203 was determined f rom the difference. 
Turmaline this typically pneumatolytic mineral does not occur f r e -
quently in ore veins of hydrothermal origin. The ore found in Nagybör-
zsöny is associated with older ancient Tertiary biotite-amphiboldacite and 
andesite. The still very hot vapours and thermae of the residual solution 
did not penetrated through well preformed cleavage systems, but pushed 
up through a network of irregular fissures. In the system which was under 
relatively high pressure the alteration of the accessory rocks was very 
extensive, and besides the hydromuscovite, f rom the substance of ; the 
accessory rocks and of the boron contained in the vapours turmaline also 
formed which interwove with its fine threads the hydromuscovite. Both 
minerals were inclosed as inclusion in the younger quartz, ores and calcite. 
Turmaline is an interesting new member of the rich and mult ifarious 
mineral association of Nagybörzsöny. 
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DATA ON SOME BARE SULPHOSALTS 
S. KOCH 
(Institute for Mineralogy und Petrography of the University, Szeged). 
The typically subvulcanic epithermal veins extending in the young 
Tertiary rhyolites and andezites of the mines of the Gutin Mountains in 
Roumania always contain besides the dominating silverferous zinc- and 
lead-ores antimony sulphosalts too. These sulphosalts which formed 
towards the end of the hydrothermal phase and partly displace the domi-
nating ores may be ranged among the interesting miineralogical curiosities 
of these mines. Of them semseyite, andorite, fizelyite and fülöppite have 
been "discovered in ' the above mines. " 
In the following, data concerning the sulphosalts collected in 1942—43 
from the Kereszthegy of Nagybánya (Baia Mare), Kapnikbánya (Capnic) 
and Kisbánya (Herja) will be reported. ! 
• » ! ' : 
SEMSEYITE 
Semseyite described by Krenner*>2 as a new mineral which be found 
in Felsőbánya (Baia Sprie) could later also be detected, in; Kisbánya3 
(Herja), Oradna4 (Rodna Veche), Nagybánya3 (Baia Mare) and recently in 
Kapnikbánya (Capnic), as well developed overgrown crystal groups. Its 
overgrown crystals and crystal groups occur relatively rarely in these 
mines, however, in polished ore sections, as the mineral displacing galena, 
they cán be often observed. 
In the sections prepared f rom ores originating f rom the above mines 
semseyite was generally found beside galena displacing it, but it also 
occurred in single granules in addition to sphalerite and pyrrhotite. Sem-
seyite which always displaces galena lobately has a very light greenish-
grey colour, a shade darker than that of a galena. In' oil the difference 
is more striking the greenish-grey colour of semseyite becomes more 
apparent. Beside it galena shows a light pink shade, as mentioned by 
Ramdohr in his text book. Semseyite is somewhat harder than galena 
which is revealed by the fact that the less strong scratches occurring in 
galena do not extend fur ther in semseyite. Its lamellae, having always a 
lamellar and never a columnar or needlelike shape are frequently mosáic 
crystals usually forming fanlike groups. Twinning intergrowth or clea-
vages could not be detected on the samples examined. Under crossed 
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niçois appreciable anisotropy can be observed. The results of the etching 
experiments were in good agreement with the establishment of Murdoch. 
Concentrated hydrochloric acid does not attack the fine fibrous spindle-
shaped ore inclusions, so that they are well visible. In the polished sections 
examined semseyite often forms a transition between galena and jameso-
nite. Galena is lobately displaced by semseyite, whereas the needlelike 
crystals of jamesonite penetrate into semseyite (Fig. 1.). It is interesting 
that if jamesonite displaces galena it penetrates into the latter as frost 
flower-like aggregations of very fine needles, whereas in semseyite it is 
found in the form of well deweloped single crystals. 
Fig. 1. Jamesonite needles (dark grey) intruding semseyite (white). On the right 
side of the photomicrograph galena (grey). Crossed nicols. 200 X 
The overgrown crystals of semseyite were found on corroded galena, 
sphalerite or quartzous gangue. The crystals tabular according to (001) 
were always elongated according to the crystallographic axis b. Single 
thin tabular crystals are rare, usually fanlike crystal-groups or hal f -
spheric-spheric agglomerations of these groups may observed overgrown 
on the above minerals. In the two best deposits, Kisbánya (Herja) and the 
Kereszthegy of Nagybánya (Baia Mare) the size of these agglomerations 
may exceed one cm. 
In my paper4 the semseyites of Felsőbánya (Baia Sprie) and of Kis-
bánya (Herja) were dealt with, in the present one the crystallographic 
and chemical examinations concerning semseyite of Kereszthegy and the 
hitherto unknown of Kapnikbánya (Capnic) will be reported. 
According to Zsivny:' in the mine of Kereszthegy in Nagybánya (Baia 
Mare) semseyite and fizelyite occur on the VIII-th leveel of the main 
vein. They are overgrown on sphalerite, whereas tiny crystals of sphalerite 
are overgrown on the crystal aggregations of semseyite. The surface of 
the crystal aggregations — the size of which is one cm — is dull. On some 
crystals limited by small lustrous planes — one mm in size — the planes 
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of the following forms could be established by goniometric measurings: 
the dominating form is c(001), beside it the planes of the 
forms a(100), x(lll), n(112), X(Tll) occur 
as narrow bands. The shape of the crystals corresponds exactly with the 
figures reported by Krenners on pages 161:—162 of the Centralbl. f. Min. 
1930. Abt. A. . ' < 
The result of the analysis of selected crystals: 
Pb : . . . 52,02% 
Sb 27,39 




The formula Pb8,8fSb3S20;ss obtained from the result is in good approxima-
tion with the formula PbsSbsS21 which is at the present recognised as that 
of semseyite. 
In polished sections from Kapnikbánya (Capnic) the author has several 
times observed semseyite as the ore displacing galena, however, its over-
grown crystals have as yet not been found. In the hollows of a sample 
detected in 1942 in the József vein the author of the present paper found 
a characteristically fanlike group of small semseyite crystals — a few mm 
in size — associated with sphalerite, bournonite and stibnite. On the 
-crystals covered by lustrous planes the following forms could be estab-
lished by goniometric measuring: 
b e s i d e t h e d o m i n a t i n g p l a n e s c (001) t h e p l a n e s a(100), p(011, x ( l l l ) 
a s w e l l as X ( l l l ) o c c u r . . ' 
T h e r e s u l t of t h e a n a l y s i s of ;the s e m s e y i t e f r o m K a p n i k b á n y a : 




SiO. : v. 2,SO 
99,90% - • 
Besides a little quartz a small amount of iron sulphide and stibnite impu-
rities were found. After subtracting the insoluble substance and the impu-
rities the obtained formula; Pb8 ,4 4Sb sS2o,44 approximates that accepted 
for semseyite. Semseyite is a mineral which formed in the later period of 
the hydrothermal phase occurring mainly in the upper layers of the veins. 
ANDORITE 
So far, .andorite occurring' in the mines of the Gutin Mountains was 
only known from the main vein6'8 and the Gyulaköz vein7 of Felsőbánya 
(Baia Sprie). In the first volume of his book entitled Lehrbuch der Erzla-
gerstáttenkunde, Jena 1941 H. Schneiderhöhn mentions on page 365 by 
mistake that andorite may be found in Kisbánya (Herja). 
It was also observed in the thirties in the Kereszthegy mine of Nagy-
bánya (Baia Mare) on the third level older than stibnite columnar andorite 
crystals, 3—5 mm long, occur ingrown in very fine fibrous concentrically 
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radiated stibnite associated with water-clear quartz crystals also older than 
stibnite. Their colour is lighter than that of stibnite. On two crystals co-
vered with terminal planes the following forms could be established by 
goniometric measuring: 
b(010), m(110), 1(230), k(120), x(011), y(031) 
The planes (010) and (110) dominate. The planes of the prism of the 
first order are well developed, the crystals have the shape of a chisel. It is 
interesting that on the contrary to the chisellike crystals occurring in 
Felsőbánya (Baia Sprie) too, on the crystals of Nagybánya (Baia Mare) the 
bipyramid planes which can so frequently be found on the crystals of the 
former place do not occur here. 
Fig. 2. . Andorite crystal from Nagybánya 
Under the ore microscope andorite shows a lighter colour than stib-
nite, beside it stibnite seems slightly greyish, its reflection is also weaker. 
In oil the difference is still more striking andorite is white, stibnite green-
ish-grey, its reflection is appreciably weaker. Under crossed nicols the 
anisotropy of andorite is significant, but its colours are far duller than the 
bright colours of stibnite. In oil the colours of andorite become a little 
lighter, light oil-green light pinkish-brown. " 
A polished section made parallel to the plane (010) f rom a larger 
andorite crystal showed under crossed nicols an extremely complicated 
twin structure.- Twin lamellae run in the direction of the c crystallo-
graphic axis and also perpendicularly to it, the latter pinch out like the 
teeth of a comb (Fig. 3.). 
Only the interior of the crystal shows a twin structure its border, is 
homogeneous without twin lamellae. The interior of some of the crystáls 
is cavernous. 
The same complicated structure is described by Ramdohr concerning 
a larger ramdohrite9 f rom Potosi (Bolivia) and by Sztrókay relating to his 
fizelyite10 crystals f rom Kereszthegy of Nagybánya. Hence the three mine-
rals show an entirely identical structure and cannot be distinguished f rom 
one another in this way. 
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Aqua regia attacks it quickly and a dark grey faint patch develops. 
Nitric acid exerts its effect only slowly, on the etched place a faint brown 
patch appears. Etching with other reagents is unsuccessful. 









Fig. 3. Twinn lamellae parallel and perpendicular to the axis c in a polished 
ore section of andorite. Section is parallel to the (010) plane. Crossed nicols. 240 X 
The result of the analysis of the extremely finely fibrous stibnite asso-








Fülöppite occurs in the Kereszthegy mine of Nagybánya (Baia Mare) 
associated with a radiated finely fibrous mineral. The analysis showed that 
this mineral is zinkenite11. It was found ingrown in quartz, or in needle 
groups concentrically protruding f rom it, on the third level. On the 
zinkenite needles protruding f rom quartz very tiny almost black sphalerite 
crystals are deposited densely. 
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Under the ore microscope the fibers situated perpendicularly to the 
c axis have sexagonal cross-sections, the fibers running parallel to the c 
axis often have the shape of a spindle. Parallel extinction, considerable 
anisotropy may be observed, but the colours are not so vivid as in the case 
of stibnite or berthierite. Perpendicularly to the c axis its colour is slightly 
reddish-brown. 
The results of the etching experiments were identical with the estab-
lishments of Murdoch. 
The samples used for the analysis contained sphalerite impurities, as 
the needles could not be freed from the sphalerite crystals deposited on 
them. 
The results of the analysis of needles taken f rom two different, 
samples : -
i. II. 
Pb '19,83% 24,61% 
s b • : 28,69 36,49 
Zn . . . . 22,38 13,46 
Fe ..-..• 1,88 1,34 
Cu traces 0,03 
S 26,44 24,64 
SiO. . . . . ' . . . . . . ' . 0,51 — 
99,73% 100,57% 
On subtracting the zinc and iron as sphalerite and FeS respectively, 
fur thermore the SiO., and recalculating the remainder to 100 per cent 
we have: 
I. II. 
Pb . . . . : 31,52% 31,41%, 
Sb 45,61 46,57 
S • 22,87 22,02 
.100,00% 100,00% ' 
The formulae obtained on this basis Pb6Sb14,7S2S)1 (I) and 
PbsSb! öjoS27,i (II) respectively, approximate the formula Pb6Sb14S2- accep-
ted for zinkenite. 
It should be remarked that the locality of the substance used for the 
analysis of the zinkenite described in Palache—Berman—Frondel 's »Da-
na's System of Mineralogy« vol. I. 1946 (7th ed.) p. 477 is not Nagyág 
(Sacaramb) as mentioned there, but Nagybánya (Baia Mare). The locality 
of the fülöppite the analysis of which is likewise reported on p. 463 of the 
above book is also Nagybánya. 
" BERTHIERITE 
Berthierite occurs in three different mines of the Gutin Mountains: 
Felsőbánya12 ' (Baia Sprie), Kisbánya13 (Herja), and the Kereszthegy14 of 
56 
Nagybánya (Baia Mare). At Kisbánya, in the Salán-vein it was found in 
very abundant amounts in the thirties. 
Its needles which are very fibrous and never covered by terminal 
planes form thready radiated dense groups the weight of which exceeds 
one kg, the length of the single needles sometimes attain 10—15 cm. The 
groups of needles are often covered by -V2 rhombohedrons of uncoloured 
or white calcite, or by slightly yellowish crystalline globular dolomite. On 
the polished ore sections prepared of berthierite tarnished to dark steel 
blue, occasionally steel blue, or tombac-brown the single threads are 
swept apart, or have the shape of a spindle. Cleavages could not be obser-
ved on them. The characteristic reflective pleochroism mentioned by 
Ramdohr is extremely well visible. Under crossed nicols its anisotropy is 
vivid the colours are brighter than those detected in the case of jameso-
nite. In contradiction to Davy and Farnham in the case of our etching 
experiments on the action of concentrated hydrochloric acid a very weak 
grey patch appeared slowly, whereas if concentrated nitric acid attacked 
the surface a large amount of gas evolved, and at the place of attack a dark 
grey patch appeared. 
Fig. 4. Berthierite from Kisbanya. The interstices of the coarse-fibrous berthierite 
are filled up by plumositelike fine-fibrous berthierite. Crossed nicols. 200 X 
The coarsely thready aggregation is generally dense, some smaller 
hollows are filled up with extremely fine threaded, plumositelike berthie-
rite (Fig. 4). This finely thready berthierite occurs in larger masses in 
caves formed of dolomite. The feltlike aggregation of its extremely fine 
threads always shows a slight brownish shade, whereas on the other hand, 
jamesonite-plumosite exhibits a dark grey colour, it is more brittle than 
the latter. 
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The result of the analysis of the plumositelike berthierite f rom Kis-





. SiO_> 0,16 
100,22% 
Berthierite occurs associated with black sphalerite in f ine concentri-
cally radiated needles the size of which amounts to one cm in the mines 
of the Kereszthegy of Nagybánya (Baia Mare). The hollows between the 
extremely brittle crystals having no terminal ending are filled out as máy 
be seen f rom the analysis by jamesonite — plumosite. The f ine threads of 
the lat ter are so strongly attached to the needles of berthierite that they 
could not be detached. The result of the analysis: 
Fe 14,57% 
Pb 2,81 
Sb : 54,41 
S 28,72 
100,51% 
The lead belongs to the jamesonite, whereas the somewhat high iron con-
tent in both analyses is due to very finely dispersed marcasite forming 
on the large surface of the finely fibrous berthierite. 
The analyses reported in the present paper were made by Gy. Gras-
selly. 
REFERENCES 
1. Krenner; J.: Egy Felsőbányán talált új ólomércről. M. Tud. Akadémia Értesítője, 
vol. 15. p. 111. 1881. 
2. Krenner, J.: Semseyit von Felsőbánya. Centralblatt f. Min. Jahrg. 1930. Abt. A. 
p. 161. 
3. Loczka, J.: Ásványelemzések. Math. Term. Tud. Ért. vol. XLII. p. 6. 1926. 
.4. Koch, S.: Á magyarországi semseyitek. Math. Term. Tud. Ért. vol. XLVIII. p. 
800. 1931. • 
5. Zsivny, V.: Über d. Vorkommen d. Semseyits u. Fizelyits i. Nagybánya. Földt. 
Közi. vol. LXXIII. p. 255. 1943. 
6. Krenner, J.: Andorit, új hazai ezüstérc. Math. Term. Tud. Ért. vol. XI. p. 119. 1893. 
7. Koch, S.: Neue Beitráge z. Kenntnis d. Andorits v. Felsőbánya. Centrálbl. f. Min. 
Jahrg. 1928. Abt. A. p. 28. 
8. Krenner, J.: Andorit v. Felsőbánya. Centrálbl. f. Min. Jahrg. 1930. Abt. A. p. 160. 
9. Ramdohr, P.: Die Erzmineralien und ihre Verwachsungen. Akademie Verlag, 
Berlin, 1950, p. 523. 
10. Sztrókay, K.: A nagybányái Kereszthegy ércásványai. Math. Term. Tud. Ért. vol. 
LXII. p. 291. 1943. 
11. Finály—Koch: Fülöppite, a new Hungarian mineral of the plagionite — sem-
seyité group. Min. Mag. vol. XXII. p. 179. 1929. 
12. Krenner, J.: Berthierit Felsőbányáról. Math.' Term. Tud. Ért. vol. XLV. p, 13. 1928. 
13. Zsivny, V.: Berthierite from Kisbánya. Min. Mag. vol. ХХШ. P- 566. 1934. 
14. Sztrókay, К.: A nagybányai Kereszthegy ércásványai. Math. Term. Tud. Ért. vol. 
LXII. p. 312. 1943. 
58 
Correction 
Page 59, in' the second line first caption 
instead of halloysite kaolinite is to be 
inserted. 
CLAY MINERALS FROM ASZTAGKŐ OF GYÖNGYÖSSOLYMOS 
J. MEZŐSI : 
(Institute for Mineralogy, and Petrography of the University, Szeged) 
ABSTRACT 
In the Asztagkő of Gyöngyössolymos at the boundary of the quartzite and the 
tuff there occurs, a colloidal substance which mostly consists of halioysite, limonite 
and hematite. The site of the exotherm peak appearing at 900—1000°C varies accor-
ding to the amount of the iron content. The greater the amount of iron the lower 
the temperature at which the exotherm peak appears. The shift of the exotherm 
peak also takes place in the case of artificial mixtures. 
As the result of the volcanic action which took place in Tortonian in 
the Mátra Mountains andesite tuff and lava occur on the surface very 
extensively and in thick layers. Owing to the strong denudation the origi-
nal forms became blurred particularly on those sites where the hydrother-
mal rock alterations also played a role. After this eruptive period, post-
volcanic actions introduced by tectonic movements, or simultaneously 
wi th them started, producing hydrothermal rock alterations, quartzitic ore 
veins arid geyser actions. In directions determined by tectonic movements 
fissuré systems cut across the andesites and their tuffs. These fissure sys-
tems became the channels of the hydrothermal solutions. Asztagkő is 
situated on the south side of the Mátra Mountains about 5 km to the 
north of Gyöngyössolymos 550 m over sea level. The earlier data of the 
l i terature deal mainly with the quarzite of Asztagkő. Thus, J. Noszky*'' 
and Gy. Márton5 dealt mainly with the quartzite occurrences. Szurovy, G.1 ' 
examined these minerals of the environment of Asztagkő. B. Mauritz4 
and Gy. Vigh15, as well as J. Noszky9 described the geological and petro-
graphical conditions in the southern part of the Mátra Mountains. The 
author6 mentions in relation to the quarzite occurrence of Asztagkő the 
kaolin vein extending throughout the upper part if the mine which can 
at the present owing to the small amount of the opening-up not be utilised 
economically, although it is of first raté quality. G. Pantó10 and A. Vidacs14 
examined in detail the hydrothermal rock alterations of the neighbouring 
ore mine of Gyöngyösoroszi and of its environment. 
The recent opening-up rendered possible the more exact recognition 
of the kaolinization and hydrothermal rock alterations in general, as well 
as that of the extension of the quartzite f rom Asztagkő. The qùartzite mass 
is situated in a tectonically strongly disturbed zone. Along the faults of 
315—135° and 225—75° the rocks show a brecciated structure and a strong 
kaolinization and baritization may be observed. According to the opening-
up quartzous parts alternate with kaolinized silicified tuff . Hera also like 
on most sites of the mountains the kaolinization is so extensive that it 
cannot be decided in every case whether we are dealing with andesite, 
with tuff or with agglomeration. It should be remarked that kaolinization, 
or silicification respectively, does not always indicate the presence of some 
On the action of the hydrothermal fluids different modifications of 
the kaolin group may be found. 
The kaolinized tuff which can be mainly observed in the adit men-
tioned above occurs in yellowish-white f requent ly ochre yellow or red 
patches visible with the naked eye. It is porous, crumbles easily and 
accessory minerals cannot be detected in it. The weathering of the presu-
mably pyrite impregnation may cause the yellowish-reddish colouration. 
If it is examined under the microscope pumiceous parts can be f requent ly 
detected. Sometimes twinned plagioclase feldspars may also be found. 
Under the microscope the ochre coloured parts are stained by pigment 
granules (Fig. 1.) which are often located parallel to the glass threads 
of the pumice-stone, or along the fissures (Fig. 2. and 3.). The lighter or 
darker colouration is due to the density of these pigment granules. 
According to the DTA examinations the kaolinized tuff contains 
kaolinite. Concerning the characteristic curve of kaolinite it may only be 
remarked that on the thermal curve of the ochre coloured substance the 
exotherm peak appears somewhat lower (Fig. 4.). 
The kaolin lode extending in the upper mine is white and porous. 
Under the microscope fibrous radiated vermiform appendixlike kaolinitic 
parts may frequently be detected resembling those described by Ross and 
lode. 
Fig. 1. Andesite tuff stained by pigment granules. 70 X 
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Kerr (Fig. 5.). Its thermal curve also agrees with that of the pure kaoli-
nized tuff (Fig. 4 ), but the endotherm peak appeared at a somewhat higher 
temperature. 
Fig. 2. Pigment granules in kaolinized tuff along the fissures. 70 X 
Fig. 3. Pigment granules in kaolinized tuff along the fissures. Crossed nicols. 70 X 
An interesting modification occurs directly below the upper mine at 
the boundary of the quartzite and the tuff. A darker ochre coloured sub-
stance with very fine granules — almost colloidal in size — may be found 
in a 5—10 cm thick layer there resembling the bolus well known from dif-
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ferent collections. Under the microscope under higher magnification, l ike 
in the ochre yellow coloured tuff , pigment patches may be observed. T h e 
substance did not contain any mineral fragments and under low magni -
fication the whole substance seemed to be almost homogeneous. 
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Fig. 4. 
Upper: thermal curve of a kaolinized tuff 
Middle: thermal curve of a kaolinized tuff impurified by limonite 
Lower: thermal curve of the material of kaolin lode 
Locality of the samples: Asztagko, Gyongyossolymos. 
The substance, was also chemically analysed and the following data 
were obtained:. 
Si0 2 36,50 per cent 
A1,03 16,95 
Fe 20 3 27,70 
CaO 1,96 
Na-jO+KiO 0.10 
P A 0,25 
H2O+ 13,27 
H , O - 3,63 
100,36 per cent 
If kaolinite is assumed to be the principal mineral and the feldspar and 
quartz molecules obtained by the analysis are subtracted, Fe^O, may be 
present in two different forms: expressed in round figures 27 per cent of 
limonite. and 7,5 per cent of hematite. Considering that limonite is well 
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soluble in acids, to the substance pulverised to granules of 0,06 mm in 
size 1:3 HC1 was added. The following quantity of iron recalculated to 
Fe2Os was dissolved f rom the substance treated for various length of t ime: 
After 1 day 6,47 per cent 
3 days 8,78 
5 days 10,05 
21 days 18,76 
28 days 19,67 
Thus, af ter three weeks the greater part of the iron present as limonite 
was dissolved and only that consisting of hematite remained. Hence, the 
substance got quite light. 
This substance treated with hydrochloric acid was used for the X-ray 




















Fig. 5. Aggregates of kaolinite crystals from the material of kaolin lode. 
Crossed nicols. 300 X 
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Although the DTA diagram shows an endotherm peak at 100 to 200°C 
which would be characteristic for halloysite it could not be unequivocally 
demonstrated. It may be that it is present in such insignificant quantit ies 
(and its lines are as it is indistinct) that besides the strong kaolin lines they 
could not be detected. It could not either be exactly established where 
several questionable lines belonged to. probably they, are due to foreign 
impurities. 
A 
soncb treated wtt.i Kydrocftionc ockJ'(*•*> during i day 
sample treated with n-jarozhtoric odd <1:3) during J dc-ys 
sompie treated with hydrochloric add (13) during 5 dc-.ji 
sample treated with hydrochloric acid (4'S) • during & aoys 
kaolin from Zeftf/tz suspended in aQveosus sot. of ftC/i (20 *) 
prvdoited Fe(0Uis . dried and mixed with kaolin fnxn ZettNIt 
Fig. 6. The change of the exotherm peak on the thermal curves of kaolin depending 
upont the iron content 
DTA diagrams were made f rom the original substance, as well as 
f rom the in which the iength of the treatment with hydrochloric acid 
varied. The DTA curve of the original substance indicated halloysite wi th 
the difference that the site of the exotherm peak occurring at 900 to 
1000°C showed a considerable shift as it appeared between 880 to 890°C. 
On the DTA curve the endotherm peak indicating halloysite was not 
confirmed by the X-ray diagram. Thus, it seems likely that the endotherm 
peak is due to adsorptive water, which in the case of such a large quanti ty 
of limonite impurity as shown by the chemical analysis may be easily 
visualised. 
The site of the exotherm peak changed according to the quantity of 
the iron. If this quantity decreased the exotherm peak also shifted gra-
dually towards higher temperatures. The same could be experienced if 
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pure, cleaned kaolin f rom Zettlitz was mixed with FeCl3 or with pure 
Fe(OH)3. In every case depending upon the quantity of the iron the maxi-
mum of the exotherm peak appeared at different temperatures (Fig. 6.). 
- Similar phenomena were experienced earlier in the case of mont-
morillónites and illite. Hence, according to R. E. Grim and R. A. Rowland2 
in the case of montmorillonites the exotherm reaction following the third 
endotherm effect always appeared at lower temperatures if the chemical 
analysis showed larger amounts of iron. They state that if the iron con-
tent is minimal this reaction may rise ower 1000°C thus they observed an 
interval of nearly 100°C. They also note that in the case of illites the 
exotherm peak in the range of 900 to 1000°C is very variable. 
In the clay minerals the exotherm peak in the range of 900 to 1000°C 
would indicate that the formation of mullite has started. According to 
^ Sztrókay12 the process of mullitization and eventually the formation of 
corundum may be promoted and accelerated by metal oxides like Na20, 
K 2 0 , CaO, MgO, FeO, almost always present in the system. These foreign 
"metal oxides may occur in varius forms. Generally, a certain amount of 
these metal oxides promote mullite formation, i. e. the exotherm reaction 
will take place at lower temperatures. Mullitization is particularly pro-
moted by FeO. In this case an environment liable to take up oxigen is 
created and mullite forms readily. Considering that the quantity of the 
metal oxides influences mullitization the shift of the exotherm peak 
depending upon the iron content of the substance becomes more compre-
hensible. , 
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DATA ON THE DICKITE OCCURRENCE OF MÁD (Hungary) 
J. MEZŐSI 
(Institute for Mineralogy and Petrography of the University, Szeged) 
ABSTRACT 
The rhyolite tuffs of the Sarmatian age in the surroundings of Mád were kaoli-
nized on the action of hydrothermal fluids. The smaller and larger hollows of the 
porous tuff is filled out with dickite and kaolinite. The dickite could be identified 
by DTA as well as X-ray pattern. Dickite appears as 15—20 l1 long and 3—8 wide 
crystals and the kaolinite always in dense aggregations of micron sized .granules. 
The fact that it is associated with kaolinite shows that special conditions are neces-
sary for it to form, these are, however, still fairly unexplored. 
The kaolin occurrences in the surrounding of Mád are already known 
since some time. Several authors have examined their geological struc-
ture, only to mention the papers of MayerLiffa9'10, Rozlozsnik^j Koch7 
and Frits2'3'4''"' 
Aggregations of rhyolite tuff f rom the Sarmatian age occur in some 
places on the surface in fairly thick layers at the north-east of the village 
in the surrounding of the baring of Bomboly extending north-west of the 
Kővágó-hegy (356 m). On the ridge of the ^ mountain a quartzite vein 
extends in north-eastern — south-western direction and the kaolinization 
may be brought to a certain extent in connection with it. The occur-
rence is not homogeneous. The bedrock rhyolite tuff could not be quite 
altered by hydrothermal fluids. Loose, crumbling parts occur only in subor-
dinate amounts, the greater part is compact, dense, silicified rock. Along 
the fissures limonite colouration is frequent . Sometimes, however, it is 
pinkish, lilac which may indicate the presence of manganese. Liffa10 
mentions a smaller limonite enrichment in the mine of Bomboly perpen-
dicularly f rom the middle of the northern wall of the surface mining as 
a 0,7—0,8'm wide vein. This vein has stained in a thickness of about 2—2 
m both sides of the wall-rocks. Today, of course, nothing of this is any 
more visible as this part of the mountain has been exploiced. 
In the present state in the greater part of the area before the wall-
face of the surface stripping — over the underside — strongly silicified 
rhyolite tuffs showing a marked brown ochre colour may occasionally be 
seen. (Fig. 1.) The silicification of the rock and its. kaolinization,. as well 
as its limonitic colouration is not contemporaneous. 
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The silica is brought by the thermal fluids in considerable amounts 
to the surface. This is also proved by the surface occurrences. At the sili-
cification and solidification of the loose tuf fs these solutions played an 
important role. In connection with the postvulcanic action starting with 
siliceous solutions carbonic acid bearing waters penetrated gradually to 
the surface. The sickering of C0 2 can also up to date be observed in the 
environment. Koch7 also assumes that the spring waters containing only 
a minimal amount of C0 2 exerted an action at the origin of the iron ores 
of Mad. At the weathering of the rock the carbonic acid bearing spring 
waters created a particularly advantageous environment for the kaolini-
zation which could be observed in several places spreading over fair ly 
wide areas. 
Fig. 1. The opening-up of the kaolin mine of Bomboly 
The occurrence of Bomboly is not either homogeneous if the tuff alte-
red in various grades is neglected. Even with the naked eye two kinds of 
material can be well distinguished. One of them is mentioned by Liffa9. 
He describes a lean almost iron-free material which on igniting becomes 
snow-white. Its refractoriness is 31—34 Seger cone. The second substance 
has a little oily feeling seems to be homogenous and is snow-white, loose 
and crumbles easily. It occur rather in the eastern part of the mine in the 
form of smaller and larger lentils. Today it can only more be found in 
small quantities. 
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Earlier two analyses were made of the clay f rom Bomboly. The one 
is described by Liffa9 the other by Frits2. The data of. the two analyses are 
as follows: 
Liffa - Frits 
Si02 78.0 per cent 66,30 per cent 
Al,Oa 15,0 20,23 
Fe,03 — 0,38 * 
CaO 0,4 0,28 
MgO 0,8 trace 
Na20 + K 2 0 — trace 
loss on ignition 5,8 12,00 
100,0 per cent 99,19 per cent 
Unfortunately, the analyses do not report the exact quality, locality 
and extent of the silicification of t h e substance. Thus it cannot .be decided 
whether or not two different substances are involved, or at both occasions 
the same material was analysed. In any case in both samples the low value 
of ALO., is striking, hence a strongly silicified substance may be involved. 
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Fig. 2. 
Upper: thermal curve of a kaolinite sample 
Middle: thermal curve of a dickite sample 
Lower: thermal curve of a sample containing kaolinite and dickite. 
Locality of the samples: Mád, Bomboly 
The author examined both substances and the country rock in detail. 
.According to these examinations these two different sorts of material re-
present two different minerals belonging to the kaolin group. 
The loose substance of earthy appearance having an oily feel and 
crumbling easily was determined as kaolinite. The DTA curve shows a 
very characteristic kaolinite peak at about 560°C which is a quite sym-
metric endotherm peak and finally at about 950 C a very high exotherm 
peak appears. Apart f rom these peaks the course of the curve is straight 
and no disturbing peaks appear on it (Fig. 2.). This substance may also 
at present be found in the north-eastern part of the mine interlayed in 
the form of smaller and larger lentils. It should still be mentioned that 
in this part the country rock, the silicified rhyolite tuff , contains about 
1 per cent of S04 . Under the microscope the substance is compact and 
shows a low refraction, it does not contain any inclusions, the size of its 
particles does not exceed one micron. Crystal forms could not be 
detected. 
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Fig. 3. Kaolinite, as cavity filling. Crossed nicols. 300 X 
It also always shows like the typical kaolinites do the colour reaction 
with phosphoric acid-benzidine described previously12. The colour reaction 
takes place fairly rapidly. 
The other material occurs in some places of the area before the wall 
face in larger amounts. The cavity filling contained in the slightly sili-
cified rhyolite tuff in well visible smaller or larger patches is a loose, white 
substance. This can be particularly well seen in the case of the pinkish-
lilac coloured tuffs. These cavity fillings are particularly interesting 
under the microscope. In some cases, namely, small distorted scales 6—8 
micron wide and 15—20 microns long fill out these cavities of various size. 
In others a quite homogeneous crystalline substance with a low refraction 
the size of the particles of which do not exceed one micron fills out the 
cavities (Fig. 3.). Sometimes also both substances occur side by side, in 
this case the crystalline scaly substance can be found on the walls of the 
cavities and is succeeded by the younger formation of the homogeneous 
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crystalline substance showing a low refraction (Fig. 4.). The limonitic 
colouration is also well visible in every case, it is limited to the tuff parts 
and never colours the substance of the cavities (Fig. 5.). 
Both substances could be obtained fairly purely f rom the single cavi-
ties. The homogeneous crystalline substance was quite similar to the kaoli-
nite interlayed as lentils. All its properties were identical to those of 
kaolinite. The DTA curve was also quite the same. 
Fig. 4. Kaolinite and dickite as cavity filling. Crossed nicols. 70 X 
The second substance is particularly interesting. The small scales 
which can frequently be detected scattered on the porous tuff parts (Fig. 
6.) are crystals slightly elongated according to the crystallographic axis a. 
Their refraction is always higher in the environment of kaolinite. 
Its DTA curve is quite different to that of kaolinite. Its endotherm 
peak is assymmetric. From 520UC on it declines gradually. Around 
620°C a steeper part follows, and around 650~C a peak appears. It rises 
suddenly and than f rom 690"C to 700°C — until the sudden exotherm 
peak at 950°C appears — the diagram does not show any change. The 
course of this curve is in good agreement with that of dickite reported in 
the literature14, at 590°C and 670°C there are two partially disintegrated 
peaks and the assymmetric peak gradually approaches the maximum. 
Whereas, following the maximum the rise is always sudden. If the sub-
stance was not pure, i. e. it contained a larger amount of kaolinite, the 
endotherm peak was somewhat modified which was indicated by the fact 
that the maximum of the endotherm peak appeared at a somewhat lower 
temperature, the character of the peak, however, did not change and the 
exotherm peak always appeared at the same temperature. 
It is known that the clay minerals adsorb to a different extent the 
single dyes and organic substances. This difference can also be seen within 
the kaolin group itself. It concerns the numerical value of the adsorption, 
but also the pleochroism which can be induced by various organic com-
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pounds. It was, however, the most striking in the case of the colour r e -
action with phosphoric acid-benzidine. Kaolinite shows a lilac co-
louration, whereas dickite or substances containing larger amounts of 
the latter do not or only very faintly exhibit this colour reaction a f t e r 
some time, in which case, however, it is doubtful whether it was due to 
dickite. 
Fig. 5. Kaolinized tuff stained by limonite. 130 X 
Fig. 6. Dickite crystals. Crossed niçois. 300 X 
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Since, in the case of the. clay minerals the endotherm peak appearing 
between 500 to 800°C cannot be interpreted unequivocally in every case. 
X-ray analyses of the substance determined as dickite were also made 
(CuK, Ni-filter). 
The results are as follows: 
d(hkl) Â. Smithson & 
Brown 
Brindley 
7,16 kaolin (7,15) 
dickite (7,14) 7,153 7,17 
4,30 kaolin (4,43) 
dickite (4,15) 4,118 4,129 
3,81 dickite (3,79) 3,790 3,798 
kaolin (3,84) 
3,585 dickite (3,577) 3,578 3,582 
3,347 kaolin (3,347) 
3,108 dickite(3,081) 3,094 3,103 
2,810 dickite (2,805) 
kaolin (2,793) 
2,546 kaolin (2,553) 
dickite (2,554) 2,558 2,565 
2,332 • kaolin (2,335) 
2,295 kaolin (2,295) 
2,220 dickite.(2,210)? 
2,129 dickite (2,126) 
1,982 kaolin (1,985) 
- -1,825 kaolin- (1,835) 
1,668 dickite '1.668) 
kaolin (1,664) 
1,669 
1,546 dickite (1,546) 1,548 
1,495 kaolin (1,486)? 
1,457' dickite (1,452) 1,457 
The data show that kaolinite and dickite are very closely interwoven, 
and that it is difficult to separate the two substances. The microscopic 
examination too shows that dickite occurs in relatively smaller amounts 
and is rriostly deposited on the walls of the cavities, whereas the kaolinite 
fills up almost completely the cavities and pores not filled up by dickite. 
The values obtained for dickite are in fairly good agreement with those 
of Smithson and Brown and Brindley, respectively, although it must be 
mentioned that the dickite of the sample from Mád exhibited a very poor 
reflection. This may, of course, also be due to the smaller amount, and to 
the extensive kaolin impurity. 
Concerning the origin of dickite but few data are available. On stu-
dying the conditions of the so far known occurrences Ross and Kerr14 
came to the conclusion that most of the- kaolin occurrences of hydro-
thermal origin contain dickite too. Sometimes the hydrothermal solutions 
can also be cold solutions, but they do not occur under catathermal condi-
tions, because at this temperature the kaolin minerals, hence also dickite 
decompose. Ross and Kerr did not find occurrences which were produced 
by epigen weathering processes. The occurrences of Greenwood and Wil-
liams though they originate f rom folded region of "sedimentary rocks and 
although they have not been investigated in detail it is possible that at 
the origin of these occurrences hydrothermal solutions played a role. 
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Smithson and Brown1* have described dickite contained in sandstones 
from North-England and North-Wales. These occurrences were in no con-
nection with-ore veins, what more, there could not either be detected any 
correlation with the magma. These sandstones of the age of the Middle. 
Jura form the bedrock of carbonaceous layers where reducing environ-
ment and a fairly considerable pressure must be taken into account. 
Anyway, this fact proves that the origin of dickite cannot be exclusively 
hydrothermal. 
On examining the occurrence of Mád it may be seen that the al tera-
tion of the rhyolite tuff cannot be the result of a single process, as other-
wise it is difficult to imagine that kaolinite and dickite occur side by side. 
It may also be assumed that the larger amounts of S0 4 occurring in certain 
parts of the mine could have exerted an influence on its surrounding at 
the formation of kaolinite. Namely, Ransome describes a kaolin occurrence 
of the Jerome United Verde Extension mine which undoubtedly formed 
on the action of waters containing sulphates14. Generally dickite occurs 
far less frequently than kaolinite. Considering that the stability and 
variability of the composition of dickite is not so great than that of 
kaolinite, probably the stability of its structure is. greater, thus the fact 
that it occurs less frequently cannot be explained by its easy decomposi-
tion. It may rather be concluded that for the formation of dickite special 
conditions are needed which are less f requent . Owing to the fact that 
besides occurrences of hydrothermal origin sedimentary ones are also 
known it seems very probable that the factors of these special circum-
stances are very complex. In general, dickite is older in the ore lodes 
than kaolinite. In Mád too dickite is the older mineral, hence it seems 
likely that at higher temperatures dickite forms. It seems very likely that 
at the formation of dickite in sediments the pressure plays an important 
role. Probably, the range of the pH value is also narrower than in the 
case of kaolinite. 
Finally, it can be said that the genesis of dickite is still very uncertain 
and fur ther genetical and geochemical knowledge is needed for the solu-
tion of the question. 
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STRUCTURE AND MINERAL ASSOCIATION OF THE VEINS OF THE 
MINE OF GYÖNGYÖSOROSZI 
A. VIDACS 
(Hungarian Geological Institute, Budapest) 
In the western part of the Mátra Mountains, in the northern vicinity 
of the village Gyöngyösoroszi there occur volcanic rocks of a strato-
volcanic structure consisting of pyroxene andesites and agglomerated 
andesite tuffs. The mining exploration of the hydrothermal veins enclosed 
by same had been begun in the 1750's already. The prospecting and explo-
ration of the mine on a large scale has started however only in 1949. In 
the course of the mining operations there had up to now been detected 
about 15 hydrothermal veins. Most important among them is the Károly 
vein, which is opened u p in a length of almost 900 m. The total length of 
the vein workings of the mine exceeds 16 km. 
According to the classification of Schneiderhöhn and Cloos the gold-
and silverbearing lead and zinc ore veins of Gyöngyösoroszi represent sub-
volcanic hydrothermal veins, containing in their greater part epithermal 
-and in their lesser part mesothermal mineral associations. 
By the assistance of the investigation of the vein structure we endea-
voured to get answers to the following questions: 1. what were the suc-
cession and the phases of the mineral filling up of the veins, 2. which were 
the productive ore bringing phases and finally, 3. what variations can be 
observed horizontally and vertically in the association of vein minerals and 
what regularities may be deduced f rom same. 
In the formation of the ore bearing veins of the Gyöngyösoroszi mine 
there can generally be observed with the unaided eye or a magnifying 
glass six ore minerals (pyrite, galenite, chalcopyrite, sphalerite, wurtzite 
and marcasite) as well as more than ten varieties of barren minerals 
(quartzite, rock crystal, chalcedony, opal, jasper, amethyst, calcite, dolo-
mite, manganocalcite, chlorite, baryte, celestite, fluorite, gypsum). In addi-
tion to these minerals, by microscopic examinations or chemical analyses 
there can be detected at least f if teen vein minerals, occurring in small 
quantities (tetrahedrite, arsenopyrite, gold, stannite, bournonite, jameso-
nite, semseyite, antimonite, chalcocite, covellite, cerussite, boulangerite, 
chabasite, laumontite, adular). The veins are banded, the individual bands 
(layers) are formed of the substance of not more than one to three dif-
ferent minerals, the banded elements extend along long stretches of the 
vein in a parallel arrangement and are easily distinguishable one f rom 
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the other. Even in cases when the vein had been crushed by a tsctonical 
force working along tne vein, the laccer is generally noc smashed to such 
a degree, thac the mineral associations forming tne a ine ren t bands were 
mixed and the homogeneous bands could noc be recognized. In case of 
the development of a brecciated structure the cements of the vein rubble 
are fairly homogeneous and the original vein structure, thac existed 
before the tectonical process, may easily be reconstructed. From 
the foregoing it seams to be easy to determine the order of depo-
sition of the vein minerals. In reality, however, it represents a ra ther 
difficult task. The bands forming the veins, mainly just the ore interstices, 
are very thin; their thickness equals some centimetres and frequent ly only 
some millimetres, thus they can sooner be called stringers. These stringers 
are frequently recurring: proceeding towards the younger vein fillings 
the succession of identical vein fillings repeats itself several times. Thus 
the mineral generations of decreasing temperatures were followed again 
and again by generations of higher temperatures. It is a matter of course 
that such recurrences have partly or totally reabsorbed or redissolved cer-
tain former mineral generations or replaced them by younger ones. Thus 
the first generation of galenite is intermixed to a various degree with 
sphalerite and in most places of the ore stringer driven out, replaced by it, 
consequently in the middle section of the Károly vein smashed pieces only 
of the, galenite can be observed under the magnifying glass. Exemples of 
a similar phenomenon can be observed also in relation of first generation 
galenite and quartz, the latter bringing about the subsequent displacement 
of the former. In the Péter-Pál vein of Bikkszél sphalerite is part ly re-
placed by chalcopyrite. In the vein No. 1 of Bikkszél calcite is sometimes 
replaced by quartz and chalcedony. So the recurrences, rejuvenations are 
manifold and are packed in the vein structure spatially also into a small 
space. It is particulary the sphalerite, which presumably took its place by 
resolution. After they had been smashed up or become friable, the same 
mineral generations show in accordance with the space in question various 
degrees of recrystallization: the imperfect recrystallization of the gel-like 
silica can only arbitrarily be distinguished f rom the . finely brecciated 
cryptocrystalline variety .of quartz, which was subsequently cemented by 
silica gel. The regressions in temperature, respectively the rhytmical recur-
rences (pulsations) of the geochemical conditions of the parent solution 
succeed one another in certain sections of the Károly and Péter-Pál veins 
12 to 18 times, their product is the closestriped so-called »zebra ore«. 
The variousness is crowned by the fact that the opening up of the veins 
did not occur simultaneously but intermittently. The opening up, viz. the 
widening of the vein cracks sometimes took place by five to six subse-
quent splittings. Although the vein structure is generally symmetrical, 
this symmetry is disturbed just by these recurrent openings up. For the 
cracking up did not occur unfailingly along the youngest mineral filling 
of the vein, viz. along the genetical medium plane, but asymmetrically or 
in a zigzag line or even by laminar loosening. In consequence thereof even 
if in such vein sections the whole succession is at hand, its deciphering 
proves in most cases to be dubious: the vein structure reminds a shuff led 
pack of cards. 
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In attempting the determination of genetical phases and. within their 
limits, of. generations first of all it must be pointed 'out that the results 
obtained have to be considered for the time being as a supposition based 
upon the structural observations executed in certain intact vein sections. 
It is the task of the fu ture to execute upon the individual veins detailed 
ore microscopical investigations and trace element analyses, which in all 
probability will bring us nearer to the solution of the genetic problems. 
The investigations executed by Sandor Koch* provide an exceedingly 
suitable basis for the. detailed investigation of the locality in question and 
the results reported must be taken into consideration in an increased 
degree all the more because they were almost wholly verified by the obser-
vations executed in the course of the geological survey of the mine. 
It is an undeniable fact that the first phase of the vein formations is. 
represented by veins of barren dykes. It could be ascertained that they 
represented the first fissures of the cooling lava. They appear in different 
workings of the mine with thicknesses of 5 to 40 cm and a variable strike. 
They are cut by the ore bearing quartz veins. It is possible that certain 
veins of this vein system of barren rocks existed also along the strike of 
productive veins and preceded the ore bringing quartz veins, however, the 
vein filling was absorbed, sucked up by the material of the later vein and 
thus the pre-existence of such a barren vein cotild not be ascertained. The 
filling of such barren veins shows a bluish-grey, greenish-grey or reddish-
grey colour. Its material consist in most cases of sparse angular and 
pointed rock fragments with diameters of from 0,5 to 3 cm, reminding a 
fine-grained sandstone or a quartzite with cryptocrystalline structure, 
cemented by a fine-grained silicified homogeneous vein substance. On 
basis of its petrographical character the always prevailing cementing ma-
terial probably consist of a tuff washed in into the fissures and permeated, 
by hydrothermal solutions rich in silica. Its exceedingly fine-grained silt-
like structure has been conserved, but its material is sometimes almost 
entirely replaced' by silica. This seems to demonstrate the influence of 
the first hydrotherms ascending through the fissures of the barren veins, 
confirmed also by the fact that on their borders these veins are often 
accompanied by a zone of caolinic decomposition. 
The second phase of vein formation probably generated the thick-
banded massy cryptocrystalline vein quartzite, simultaneously with which 
there began the deposition of the first pyrite generation as well as that 
of an older galenite. The mineralization of this phase is poor and therefore 
in itself not minable. The first galenite, appearing in a limited quantity 
and in the form of isolated grains, is displaced by a silica, that in the 
course of later movements along the veins permeated the fissured or v 
even brecciated thick-banked quartz. In consequence of a powerful crush-
ing the fragments of the country rocks sometimes got into this section 
of the vein, too. The permeating and recementing silica solution enhanced 
the decomposition of the older galenite by segregating also chalcopyrite-
and sphalerite, partly taking the place of the crushed and dissolved ga-
lenite. On account of its strong ferrous pigmentation and its dark colour 
the sphalerite of the first generation proves to be easily discernible. 
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As a product of the third phase may be considered the fine-banded, 
densely striated complex formed by quartz, chalcedony, opal as well as 
minute quartz druses and visible in almost every vein of undisturbed deve-
lopment; simultaneously with it there appears in the lower horizons of 
the mine wurtzite and in general the second generation of galenite. Most 
of the galenite stocks of the mine were provided by the phase in question, 
namely directly at its beginning in the form of uninterrupted high grade 
ore bands or densely dispersed nests. Later on there appear thin stringers 
of alternating rhythmic galenite and sphalerite generations, their series 
are characterized by the gradual relative increase of the sphalerite. At 
"the end of the phase the sudden enrichment of sphalerite can be observed. 
This second sphalerite generation, the colour of wich is l ight-brown or 
resinous-yellow, represents most of the. ore quanti ty found in the present 
mine workings. The ore in question produces in some places — mainly in 
the vicinity of the points of ramification or . juncture of the veins — a 
considerable tenor of ore in the form of zonal twin crystals with sizes of 
1 to 3 cm or segregations gathering in a thicker vein. To the final stage of 
this phase there sometimes attaches a kaolinic phase. The kaolinic ore 
bearing rock contains similarly galenite and sphalerite in the form of a 
spotty sprinkling, but in smaller concentrations and with the peculiar 
deviation that the enrichment concluding the phase in question is pro-
vided not by sphalerite, but again by galenite. 
The fourth phase once more produces a massive cryptocrystalline 
quartzite but in a smaller quantity and with an ore that does not attain 
the stage of workability, (sphalerite, chalcopyrite, pyrite and traces of 
galenite). In investigating the product of this phase the impression is 
gained that the quartzite may have come into being by means of the sub-
sequent recrystallization of the gel-like silica hydrate. This massive silica 
variety, which shows in" many cases a hair 's-breadth thin and indistinct 
reticulated design, is often tinted red by a finely dispersed iron compound 
(hematite?). This vein constituent reminds the vein rock called »zinopel« 
in the workings of Selmecbánya and Hodrusbánya. 
In the fifth phase probably arose the carbonate vein rocks. The fil-
l ing up regularly started by a thick, coarse-crystalline calcite, upon 
which deposited a black-tinted (manganiferous) thin layer of calcite. These 
two calcite varieties of different colours cover each-other in 4 to 5 or more 
thin láyers, but in such a way that the individual incrustations are inter-
woven by lace-like bulges or cocarde figures; in the older generations the 
black-tinted variety gains the upper hand. After that the design is edged 
by some chalcopyrite and pyrite, followed by a larger mass of uniformly 
brown-tinted calcite or occasionally manganocalcite, showing similarly 
a coarse-crystalline structure. After the phase providing black and white 
•calcites there sometimes follows a coarsely breccia ted crushing, among the 
fragments of the calcite vein in certain veins there may be found f rag-
ments of the country rock, too (e. g. in the vein »1600-as«), then the f rag-
ments are imbedded once more in a black and white fine-crystalline 
calcite substance. In.other cases the black and white calcite f ragments are 
united into a homogeneous block by the ultimately deposited brown-tinted 
calcite. At the end of the phase, especially on the higher levels of the mine 
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and in the eastern veins, in addition to pyrite there appears also marcasite. 
whilst the innermost crust of the hollow druses is often formed by a fine-
crystalline dolomite with a yellowish lustre. In the company of dolomite 
there can also be found baryte, occurring occasionally in the mine work-
ings. The phase in question can hardly be considered as significant f rom 
the point of view of the mining operations. 
The sixth phase starts by the slight splitting of the already established 
vein fillings in consequence of which there opens for the amethyst deposi-
ted in same a rather capriciously meandering aperture, which oversteps 
even the vein, borders and returns to the vein in an arched form. The 
amethyst filled veins, come into being in this manner, mark only approxi-
mately the strike of the vein and it may be said that they move only in 
the vicinity of the latter. It seems that the typomorphic mineral connected 
with the amethyst phase proves to be the chalcopyrite, although beside it 
there appear in this phase .also pyrite, marcasite and more rarely sphale-
rite, namely its peculiar honey-coloured youngest variety, developing in 
most cases as a thin, stringer-like series of grains. On the other hand, 
amethyst could be observed only in the Károly and Bikkszéli veins, run-
ning along the strike and filled up in the course of their widening, whilst 
in the crushed or compressed vein fissures (e. g. in the vein »1600-as<<) 
it does not occur. Amethyst never occurs together with galenite or carbo-
nates aside f rom the case that they are traversed by the leading fissure of 
the amethyst. Hydrothermal decomposition and kaolinization are never 
connected with an amethyst stringer, the vicinity of the latter almost 
always consists of a silicified compact country rock, impregnated by silica. 
Amethyst always represents the final phase of mineralization and lies for 
itself far below the limit of workability, although its occurrence is so to 
say a complement of the fully developed rich vein sections. It richly per-
meates the brecciated or ruptured rock zones, that are independent of the 
ore bearing veins, cements the brecciated fragments and forms exceed-
ingly beautiful druses. Its t r ibutary minerals are celestite and gypsum. 
As a seventh phase mention must finally made of the antimonite 
filled stringers occurring in some places of the mine, especially on its high-
est level and in a very scarce quantity, accompanied by low-temperature 
quartz, gypsum and calcite. Their occurrence in the mine is only of mine-
ralogical interest. 
The genetic order described in the foregoing cannot be observed' in 
its entirety in the same vein" section. In the vein structures some mineral 
generations are missing, others are mixed with each-other and this repre-
sents the biggest factor of uncertainty. The whole system of phases could 
be constructed only by inferences drawn on basis of the investigation and 
comparison of selected sections of various, veins. In relation of this opera-
tion the only reassuring phenomenon consists in the fact that in thé veins 
of identical origin of the occurrence there can nowhere be found dissimilar 
mineral associations or conspicuous differences. It seems, on the other 
hand, that this genetic order can fundamentally be compared with the 
results of the above mentioned investigations of Sándor Koch, in which 
the individual mineral generations of the ore bearing veins of Gyöngyös-
oroszi are given in the following order: 
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Ores: pyrite I, galenite I, gold, chalcopyrite I, sphalerite I, wurtzite, 
stannite, bournonite, galenite II, sphalerite II, chalcopyrite II, marcasite, 
pyrite II, jamesonite, semseyite, arsenopyrite, tetrahedrite, antimonite. 
Non-ores: quartz varieties (quartzite, chalcedony, jasper, rock crystal, 
amethyst), opal, calcite, dolomite, fluorite, pennine, baryte, celestine, 
gypsum I, laumontite. In agglomerated tuffs: adular. 
In the oxide zone: chalcocite, covellite, cerussite, sulphur, gypsum II. 
In opposition to several authors, in respect of the ore occurrence of 
Gyöngyösoroszi there cannot be attached great importance to such a 
genetic classification f rom the point of view of mine working as e. g. in 
the course of the driving of opening drifts the generation representing 
the productive phase of the vein may be interrupted or — in case of its 
lack — reappear. At any rate the process in question can successfully be 
applied to avoid serious errors in prospecting as e. g. a low-grade vein, 
the structure of which fits into the formations of the third phase, may 
fur ther be prospected with good hope, whilst the following by a dr i f t 
advance of an independently occurring amethyst bearing seam filling or 
of a brecciáted trend cemented by amethyst will most assuredly prove to 
be unsuccessful. 
In respect of the last question propounded at the beginning 
of the discussion, viz. the horizontal and vertical variations of 
the mineral association, the mine workings executed up to now do 
not offer limiting experiences, although it is indisputable that in the 
course of the last few years the extension of mineralization could be deter-
mined with a much greater approximation than during the previous deca-
des. It appears that in the underground mine workings the horizontal 
extension of the productivity of the present mining centre at the level of 
the adi^ (400 m above sea-lével) has roughly been cleared by extensive 
prospecting. At this level there is not much to be looked for, the straight 
f ront entry of the adit extends northwards . already towards a fu r the r 
mineralized region that is not cleared up yet; towards NW the prospecting 
activity should similarly be developed in the direction of the nearest ore 
bearing region. • 
The length along the strike of the most important ore bearing veins, 
disclosed at the adit level, varies f rom 400 to 800 m, beyond that distance 
the veins become barren, ramify and. pinch out. Approximately only half 
of the above mentioned- strike lengths is workable however. Progressing 
towards the flat terminations of the veins, the products of the third (fine-
banded) and at the same time most valuable genetic phase terminate 
earliest of all, whilst the final veinlets of the f i f th and sixth (carbonate 
and amethyst bearing) phases extend farthest. This can be observed best 
of all at the northern and western borders of the centre of mineralization. 
The> southern boundary of the natural, undisturbed pinch-outs and rami-
fications is not known. At the level of the adit, near the intersection of 
the Károly vein with the straight f ront entry of the adit, there can be 
observed a rather considerable tectonic dislocation, which has displaced 
the Károly vein from its crossing with the straight f ront entry of the 
. adit eastwards to a distance of approximately 15 m. The strike of this 
dislocation is 305°, its dip 80° to SSW. On basis of the vein structure and 
the fault relations as well as of the structural comparison of the vein 
section lying north of the fault with its southern section it seems probable 
that in the gallery lying north of the fault the Károly vein will be detected 
— in accordance with the situation existing before the dislocation'—on a 
deeper section. This means that along the great fault of the Károly vein 
there occurred not only a horizontal, but chiefly a vertical displacement. 
The great fault striking f rom WNW to ESE cannot be followed in the 
vicinity as there-are no mine openings here. It seems, however, that in the 
southern section of the Péter-Pál vein-working (in the former »180°« 
shoot) the fractured and disturbed zone, lying at a distance of about 150 
m f rom the Arany-Péter vein-working, as well as the interruption of the 
vein,- connected with its displacement, lie in the strike of the great fault . 
It these two facts are really in connèction, then it follows that the eastern 
part of the southwestern block, situated below the slip plane, was 
downcast by a rotary motion to a greater extent and its western part to a 
lesser extent. The slip planes of the above mentioned great fault of the 
Károly vein indicate the downcasting of the southwestern block. The 
centre of rotation of this motion must have lain somewhere in the Péter-
Pál (180°) vein. The downcasting of the above mentioned block gives an 
obvious explanation of the structure of the Péter-Pál vein, showing near 
its juncture with the Bikkszéli f ront entry the downfall of the opening 
and loosening vein matter, as well as of the rich, virtually »comfortable« 
-development of the amethyst, deriving f rom a late phase. This- means that 
in the vein workings lying southwest of the fault line the veins are situated 
in a higher genetic zone. This, may serve as an explanation of the above 
mentioned fact that in consequence of tectonic phenomena and owing to 
the lack of adequate development works we are not acquainted with the 
natural original terminátions of the veins. In consequence thereof the 
undisturbed original workable strike lengths cannot be determined either. 
This circumstance serves also as an explanation of the fact that below thé 
adit the exploration of the whole vein group seems to be most promising 
in a souther direction. 
As regards the vertical development of mineralization some data are 
provided by the peripheral prospecting activity preceding thé establishment 
of the Gyöngyös Ore Mine and to some extent extending into the time, 
when the Mine was working already! On basis of the data obtained it could 
be ascertained that the oxidation, the leaching, affects the veins to a sub-
surface depth of 20 to 25 m. This action is so strong to a depth of 6 to 10 m 
that even if the vein contained an appreciable quantity of pr imary 'ore , 
most of the látter has been removed and thus at this level the vein is not 
productive any more. The vein matter shows only skip pockets as well as 
a discolouration, indicating the former presence of the ore. It is a well 
known fact that in consequence of the massive structure of the vein 
matter, the substances dissolved near the surface could not reach a- deeper 
level and thus a cemèntation zone could not come into being. Leaching 
ensued only to a depth to which external disintegrating forces could 
penetrate and disaggregated or crushed the vein matter. The solutions 
formed in the course of leaching reached the surface upon the lowér plane 
of the disaggregated and crushed section. 
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The data obtained f rom the present, but mainly f rom the former 
prospecting indicate that the veins occurring in the wider region of the 
ore mine are poor in ore in the vicinity of the surface, whilst at lower 
levels their ore content increases. It seems that the height of 400 m above 
sea-level, representing the level of the adit, proves to be the optimum 
zone, within whose limits, in consequence of tectonic movements, the 
optimum mineralization occurs in the southern part of the territory at a 
relatively lower and in its norther and northwestern parts at a higher 
level. In addition to this it can be ascertained with great probability 
that along the strike of a vein the optimum zone has to be looked for by 
proceeding from the rich middle section of the vein towards its pinches 
and terminations, at an increasingly lower level. 
With respect to the mineral composition- of the veins towards the 
depth information can be obtained only f rom the Károly vein, this being 
the only one that had been prospected and developed at five levels and 
some intermediate levels of lesser extent wi th a pillar height of 260 m 
(between 460 and 200 m above sea-level). The mineral composition of the 
said vein does not show any marked zonation, there Can sooner be observed 
a gradual alternation, which is hardly perceptible f rom one level to the 
other. This alternation manifests itself in the fact that the quantity of gale-
nite decreases and that of the sphalerite increases with the depth. Towards 
the lower levels the quantity of chalcopyrite and- pyrite gradually also 
increases. Such a change is a well-known phenomenon in ore veins of a 
similar type. It seems that the thickness of the veins decreases to . some 
extent towards the depth. It may be surmised that in addition to the 
fur ther decrease of galenite fur ther development works will bring to light 
also decrease of sphalerite and in a greater depth that of chalcopyrite as 
well as a quantitative increase of pyrite, viz. a gradual impoverishment of 
the veins. In spite of all this it seems to be absolutely justified that some 
veins, the development of which in the present centre of mining, at the 
level of the adit does not prove to be workable, should be prospected at 
lower levels. 
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